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ABSTRACT 
 
The mathematics and science knowledge of citizens is acknowledged as being 
a key factor in a nation's ability to prosper as a competitive global economy. 
However, in Australia, there has been a decline in the number of mathematics and 
science students in higher education, as well as a decline in the performance of 
Australian students in international comparative studies such as Trends in 
Mathematics and Science (TIMSS) and Programme for International Student 
Assessment (PISA).  
In order for students to be equipped to participate fully in mathematics and 
science, we need to improve mathematics and science teaching in schools, 
particularly in the middle years of schooling. While there has been an increasing 
emphasis on research into improved pedagogy and better assessment in education, 
the emphasis in assessment still appears to be on traditional tests, particularly pencil-
and-paper tests, which often emphasize lower-order thinking skills.  
The purpose of this study was to investigate the relationship between 
students’ understanding, knowledge, and performance in mathematics and science. It 
was part of a larger project – Improving Middle Years Mathematics and Science 
(IMYMS) – funded by the Australian Research Council and Victorian Department of 
Education and Training, which worked with a total of thirty primary and secondary 
schools across Victoria.  
As part of this research, a framework of student capability for both 
mathematics and science was developed from a review of the research literature and 
established assessment programmes, including TIMSS. The seven interdependent 
and interwoven aspects of capability that comprise the framework are: Factual 
Knowledge, Conceptual Understanding, Skills and Procedures, Reasoning, Inquiry, 
the Nature of Mathematics/Science, and Productive Disposition. These aspects have 
not formed the basis for large-scale assessment of student capability in mathematics 
and science. 
In order to assist in the development of the assessment instruments to assess 
the full range of students’ mathematical and scientific capabilities, a curriculum audit 
was carried out in participating schools. This audit formed the basis for customized 
written assessments in mathematics and science, which were designed to assess the 
cognitive aspects of Year 6 (primary) and Year 8 (secondary) students' capabilities in 
mathematics and science.  Data was collected using these written assessments, 
 xiv
performance assessment based on the TIMSS Performance Assessment, and a 
student survey designed to assess Productive Disposition, which consisted of three 
constructs – Enjoyment, Utility, and Aspiration. Interviews were also conducted with 
selected teachers and students involved in the performance assessments. 
Using these data, the study investigated the relationship between the different 
aspects of student capability in each of mathematics and science, as well as the 
relationship between these aspects across mathematics and science. 
Results from Rasch Modelling and correlational analyses showed that for 
primary and secondary science students and primary mathematics students there was 
a stronger relationship between Enjoyment and Aspiration, than for secondary 
mathematics students, for whom the strongest relationship was between Utility and 
Aspiration. The degree of correlation between the different cognitive aspects of 
capability varied considerably, both within and across mathematics and science. 
However there was only one instance of a weakly significant correlation found 
between Productive Disposition and the six cognitive aspects, and no statistically 
significant correlation between Productive Disposition and overall performance on 
the written and performance assessments. 
In each of mathematics and science, the patterns of student performance on 
each of the cognitive aspects was similar for primary and secondary students, but 
different for mathematics and science, suggesting a degree of robustness of the 
framework for the cognitive aspects within each subject.  However, these results also 
highlight difficulties in trying to use the same definition of aspects of capability 
across mathematics and science – for example Reasoning and Inquiry were defined 
differently for mathematics and science.  
While there were relatively high correlations between students' results on the 
written and performance assessments, results from the interviews and observations 
suggest that both students and teachers valued the performance assessments and 
believed they assessed different skills from those assessed by written assessments 
alone.  
Findings from this study have implications for teaching, assessment, and 
further research. Assessments should be used to promote all the aspects of student 
capability as detailed in this study. Separate frameworks of student capability in 
mathematics and science need to be created to capture the individual nuances within 
each subject. The findings also indicate that the seven capabilities can be viewed as 
 xv
separate entities and therefore should be assessed separately in order to capture the 
totality of student capability. 
These results also highlight the need to engage primary students’ interest in 
mathematics and science, and improve their attitudes towards mathematics and 
science as they enter secondary school. 
Finally, more research is needed to further tease out how each of the aspects 
have an impact on students’ overall capability, and how these can be improved 
separately and together.  
 xvi
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CHAPTER 1 BACKGROUND TO THE STUDY 
 
The rapidly changing nature of technological and economic contexts over the last 30 years, 
and the role of education in preparing individuals and societies for coping with them, have 
led to a great deal of concern about excellence in education, and achievement and 
accountability in particular. (Robitaille & Garden, 1998, p. 18) 
In this chapter I will examine the context and background of the project, and 
identify the research focus, to set the stage for the literature review that will provide 
a more detailed focus for the study.  
1.1 Context of the study 
Mathematics and science are areas of particular concern in education given the 
recent rapid decline in the number of students studying mathematics and science in 
the post-compulsory school years and higher education. Unless students’ 
participation and success in, and attitudes to, mathematics and science can be 
changed, Australia as a nation will not achieve its goals of a science- and technology- 
led future. In order for students to be equipped to participate fully in mathematics and 
science, we need to improve mathematics and science teaching and learning in 
primary and secondary schools, and particularly in the middle years of schooling (see, 
for example, Australian Industry Group, 2013; Bowden, 2014; Tytler, 2007a; 
Marginson, Tytler, Freeman, & Roberts, 2013). 
There have been many recent projects in Australia, particularly in Victoria, 
focussing on supporting change in both mathematics and science, and, more 
specifically, middle years schooling. For example, the Victorian Middle Years 
Research and Development (MYRAD) project (Department of Education and 
Training Victoria, 2001a) came about from the worldwide concern about students 
across the middle years of schooling (Years 5 to 9) becoming disenchanted with 
school and schooling. 
Recommendations from reports of projects such as MYRAD – for example, 
Hill, Jane, Mackay and Russell (2000) and Beyond the Middle (Luke, Elkins, Weir, 
Land, Carrington, Dole, et al., 2003) – stress the need to place much more emphasis 
on higher-order thinking and increase the overall intellectual demand and 
expectations of students in the middle years. 
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1.2 Genesis of the study 
This research study was part of a larger project, the Improving Middle Years 
Mathematics and Science (IMYMS) project. The IMYMS project was funded by the 
Australian Research Council through a Linkage Grant with the Victorian Department 
of Education and Training (DE&T). The Chief Investigators were Russell Tytler and 
Susie Groves of Deakin University, and Annette Gough of RMIT University. The 
overall aim of the IMYMS project was to investigate the role of the subject cultures 
of mathematics and science in developing a school improvement model to influence 
school and teacher change.  
The IMYMS project had its roots in the Science in Schools research project 
(SIS) (Deakin University, 2003b), which developed a successful strategy for 
improving teaching and learning science based on two major aspects: the SIS 
Components, a framework for describing effective teaching and learning in science, 
and the SIS Strategy, a strategic process for planning and implementing change.  
As well as forming the foundations for the IMYMS project, the findings from 
SIS were used, together with the findings of the Middle Years Research and 
Development Project (MYRAD), to form the basis for the Middle Years Pedagogy 
Research and Development Project (MYPRAD) (Deakin University, 2003a). 
Following the SIS model, two of the major features of the MYPRAD approach were 
the Middle Years Components, a framework for describing effective middle years 
teaching and learning, and the MYPRAD Strategy, a means by which schools identify 
key points for improvement within the school and monitor change. 
For the purposes of the IMYMS project, the SIS strategy was extended to 
mathematics, and some elements of the MYPRAD Components that particularly 
related to middle years students were also incorporated. 
The IMYMS Components came from interviews with a number of effective 
teachers of mathematics and science as to what they regarded as effective teaching. 
Using the data from the interviews, and findings from a literature review of effective 
mathematics teaching (Doig, 2004), a set of mathematics components were 
developed. Because of their similarity to the science components, a common set of 
IMYMS Components of effective teaching and learning in mathematics and science 
were generated.  
The IMYMS Components of Effective Teaching and Learning were: 
1.  The learning environment promotes a culture of value and respect; 
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2.  Students are encouraged to be independent and self-motivated learners; 
3. Students are challenged to extend their understandings; 
4.  Students are supported to develop meaningful understandings; 
5.  Students are encouraged to see themselves as mathematical and scientific 
thinkers; 
6.  Mathematics and Science content is linked with students’ lives and 
interests; 
7.  Assessment is an integral part of teaching and learning; 
8.  Learning connects strongly with communities and practice beyond the 
classroom; and  
9.  Learning technologies are used to enhance student learning. 
 
A full list of the IMYMS Components of Effective Teaching and Learning, 
together with their sub-components, can be found in Appendix 1.  
The nine components focussed on different elements of learning and teaching. 
For example, the following two components, Component 3 - Students are challenged 
to extend their understandings and Component 4 - Students are supported to develop 
meaningful understandings, demonstrated a strong focus on conceptual elements of 
learning in mathematics and science, while Component 5 – Students are encouraged 
to see themselves as mathematical and scientific thinkers focussed on investigation 
and reasoning in mathematics and science. Component 6 – Mathematics and Science 
content is linked with students’ lives and interests and Component 8 – Learning 
connects strongly with communities and practice beyond the classroom focussed on 
students’ dispositions towards mathematics and science. 
These components implied a broader view of learning than one that focussed 
simply on factual knowledge aspects of learning, and necessitated a rethinking of 
assessment practices. A criticism of the SIS project was that the components were 
not mirrored by the assessment items; that is, some of the assessment tasks were not 
well aligned with the components. A major task of the IMYMS project, and the focus 
of my research within the project, was to develop assessment strategies that 
supported a broader view of mathematics and science learning. 
The IMYMS data collection was conducted in schools in four research 
clusters over a period of one year. It involved Years 6 and 8 students at the beginning 
and the end of the year completing paper-and-pencil assessments, and a mid-year 
performance assessment. These assessments charted student learning over the year 
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and consisted of questions based on the Victorian Curriculum and Standards 
Framework (CSF) Strands and Outcomes the students were studying during the year 
(Victorian Curriculum and Assessment Authority, 2001). In addition, all students 
completed a written survey in Term 2 of that year. The survey included items looking 
at students’ beliefs and attitudes towards mathematics and science. “Not only are 
these characteristics [positive attitudes] desired outcomes of science and mathematics 
education, but they are widely believed to enhance achievement in these subjects” 
(Robitaille & Garden, 1998, p. 61).  
In Term 3 selected students from the Year 6 and 8 classes undertook activities 
to test their “performance” in mathematics and science. This involved students 
completing various activities designed to challenge them in problem solving, 
experimental design and analysis. The performance tasks were those first used in the 
Third International Mathematics and Science Study (Harmon et al., 1997). 
The IMYMS project made a significant contribution to the field of 
assessment because higher-order thinking was one of the priorities of the project, as 
was identifying other factors that had an impact on student learning. Very few 
studies had looked for links between teaching and knowledge, understanding, and 
performance, particularly across the separate curriculum areas of mathematics and 
science. 
1.3 Common assessment practices 
In mathematics and science education, assessments are used for many 
purposes. Some of the reasons are: to improve student learning; to evaluate student 
performance; to evaluate the performance of students across classrooms, schools, 
states, and countries; to improve the teaching of a particular topic; to identify areas of 
the curriculum where further expansion is needed; and to provide advice to 
educators, politicians and parents.  
Written assessment has been the traditional way of assessing students’ 
learning in mathematics and science, where a correct answer is taken to demonstrate 
mastery of a topic, whilst an incorrect answer is taken to show a lack of knowledge 
or understanding. However, there are many different types of assessment that 
educators could use in their classroom to provide different information about, and 
feedback to, students. Portfolios, diagnostic tests, surveys, interviews, practical work, 
student observation, investigations, and projects are some of the many forms of 
assessment available to teachers. 
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There has been an increasing emphasis on research into improved pedagogy 
and better assessment in education (see Griffin, Care, Bui, & Zoanetti, 2013), yet the 
emphasis in assessment still appears to be on traditional assessment, particularly 
pencil-and-paper tests, which often emphasize lower-order thinking skills. Large-
scale assessment programs have in the past used mathematics and science 
performance assessments, where students conduct hands-on investigations and report 
and interpret their findings. However, many teachers resist expanding their range of 
assessment practices to include things such as performance assessment, despite the 
fact that it may assist in addressing the challenges of broadening school assessment 
(Tytler, 2007a). 
The research literature contains a number of assessment-focussed initiatives 
that sought to instigate change in mathematics and science teaching and learning, in 
the areas of higher-order thinking, student engagement, and the promotion of 
pedagogical and curriculum practices (Ball & Garton, 2005). A number of these 
explored the assessment of multiple dimensions of achievement in mathematics or 
science, as a pathway to enriching the curriculum, and a number explored the 
possibility of assessment being used to improve pedagogical practices, for example, 
Porter (2002) and Svedkauskaite (2005). 
Some assessment research literature focussed on the purpose of particular 
assessments and the tools chosen to fulfil that purpose. Examples of this include 
Mavrommatis’ (1997) investigation of Greek primary school teachers who used 
assessment to control classroom behaviour and attention, and Rowe and Hill’s (1996) 
study of using Item Response Theory (IRT) models to follow the learning profile of a 
student. The study by Koretz, Broadfoot and Wolf (1998) presented a range of 
international insights about the advent of new policy goals for assessment. Other 
studies have examined the impact of assessment programs, showing for instance that 
the use of high-stakes testing in order to reach the standards, or “teaching to the test”, 
may turn students off formal learning (Crooks, Kane, & Cohen, 1996; Morrison & 
Tang Fun Hei, 2002). 
The Iowa Scope, Sequence and Coordination (ISS&C) project emphasized 
six domains for learning: concept, process, creativity, attitudinal, applications and 
connections, and a world-view. The project reported significant student achievement 
gains in the area of mathematics and science (Yager & Weld, 1999). 
Ayala, Shavelson, Yin and Schultz (2002) argued for multi-dimensional 
science achievement in the National Education Longitudinal Study of 1998, along 
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dimensions of basic knowledge and reasoning, spatial-mechanical reasoning, and 
quantitative science. 
Project Discovery (USA) was a large system-wide reform project based in 
Ohio, which focussed on mathematics and science teaching and learning. One of the 
recommendations of the project encouraged teachers to use a wider range of 
assessment measures, and at different times in a lesson, instead of only at the end of 
the lesson with paper-and-pencil formats (Kahle, 1998). 
Black and Wiliam (1998a) concluded that the quality of classroom 
assessment practice internationally was plagued with problems. In their review of 
assessment practices they felt that classroom assessment had focused on performance 
rather than on learning, and argued for more formative assessment. They further 
argued that not only was formative assessment essential for raising standards, but 
also that there was no other method of raising standards for which a case could be 
made (Black & Wiliam, 1998a). 
1.4 Curriculum and assessment in Australia 
Assessment principles and practices in Australia, at the time of the IMYMS 
project, varied across states, although the assessment process at the end of secondary 
schooling in all states incorporated a combination of school-based assessment 
(internal assessment) and centralised assessment (external assessment). The 
assessment in each state is related to its own curriculum framework, which defines 
the intended outcomes, resources, and pedagogy, and describes assessment 
guidelines. In addition, the Adelaide declaration on national goals for schooling in 
the twenty-first century (Ministerial Council on Education Employment Training and 
Youth Affairs (MCEETYA), 1999) identified eight key learning areas (KLAs) that 
underpin the curriculum frameworks in all states, but stopped short of agreeing to a 
national curriculum. However, all states agreed on the reporting of national literacy 
and numeracy benchmarks and agreed to an Australia-wide assessment, now known 
as the National Assessment Program (in Literacy and Numeracy) (NAPLAN) to be 
conducted by the Australian Curriculum Assessment and Reporting Authority 
(Australian Curriculum Assessment and Reporting Authority (ACARA), 2014).  
Curriculum frameworks in all of the states have moved to outcomes-based 
frameworks. Outcomes-based education (OBE) identifies anticipated student 
learning outcomes through descriptions of developmental levels of student 
performance. Teachers use the curriculum frameworks to produce assessment 
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procedures that report on student progress. In this study, these outcome statements 
will be used to support the sourcing and construction of assessment items. 
In Victoria at the time the data for the IMYMS project was collected, the 
Curriculum Standards Framework II (CSFII) (Victorian Curriculum and Assessment 
Authority, 2001) was in place, providing sets of sequential outcomes in conceptual 
areas. The CSFII acted as a guideline for individual schools, rather than a syllabus. 
The learning outcomes defined what students should know and be able to do as an 
outcome of their learning at particular levels. These outcomes were supported by 
indicators and questions to demonstrate whether or not students had achieved 
particular learning outcomes (Victorian Curriculum and Assessment Authority, 
2001). 
All states in Australia had, at that time, implemented a state literacy and 
numeracy benchmark assessment procedure. These assessments targeted Years 3, 5 
and 7 and allowed the Commonwealth and state governments to establish a set of 
National Benchmarks for Aspects of Literacy and Numeracy. The Victorian 
Achievement Improvement Monitor (AIM) program, used in English and 
mathematics, incorporated state-wide testing as well as classroom assessment, 
homework, and reporting guidelines. The New South Wales Basic Skills Testing 
Program (BSTP) (Masters, Lokan, Doig, Khoo, Lindsey, Robinson, et al., 1990) also 
tested features of numeracy and literacy. 
Whilst it appears that Australia had assessment guidelines that were believed 
to enhance students’ educational development and learning, and reflect students’ 
performance, the quality of the assessment was varied, and tended to be narrow in 
focus and format. There was a need to develop more varied and sophisticated 
assessment of the multiple outcomes intended for students, in mathematics and 
science, and for all other key learning areas.  
Large scale programs are most likely to support the kinds of learning …. If they incorporate 
assessments of higher order skills and thinking, if they include a variety of assessment 
methods and procedures capable of providing information about a range of valued learning 
outcomes, and if results are reported in ways that recognise and encourage high achievement. 
(Masters & Forster, 2000, p. 1) 
1.5 Statement of the problem 
My research sat within a larger research project, the Improving Middle Years 
Mathematics and Science (IMYMS) project that investigated mathematics and 
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science learning in the middle years and whose purpose was to help teachers improve 
middle years mathematics and science teaching and learning. The project developed 
a framework that described effective mathematics and science teaching as a counter 
to an emphasis on rote, and superficial learning, that was regarded as a widespread 
problem linked with poor classroom assessment strategies. 
As Stiggins (2001) points out, teachers are not trained in assessment, despite 
the fact that assessment plays a critical role in student learning. In order to improve 
assessment, Wiliam and Lee (2001) argue that “teachers do not have to choose 
between teaching well and getting good results on accountability assessments” (p. 9) 
By implementing assessment strategies that account for different capabilities, an 
improvement in student learning may be achieved. Black and Wiliam’s (1998b) work 
provides educators with an outline of how to use assessment in order to maximise 
achievement for all students. This involves using appropriate assessment, giving 
specific feedback, and involving students in the assessment process (Kilpatrick, 2001; 
Organisation for Economic Co-operation and Development, 2003).  
In order to develop high quality classroom assessments, different capabilities 
(such as mastery of content knowledge, higher-order thinking, performance skills, 
and dispositions) may require different types of assessment. What these capabilities 
might be will come from a study of the research literature, and information in 
curriculum frameworks, content standards, and statements put forward by states and 
organizations, both national and international, as to what students are thought to need 
in order to succeed in, and persevere with, mathematics and science. 
The purpose of my study was to attempt to develop a framework of aspects of 
student capability across mathematics and science in order to investigate whether 
there is a relationship between students’ learning in mathematics and science, and 
whether a consistent description of capabilities can be effective for both mathematics 
and science. This will involve the development of appropriate assessment tools, 
together with an investigation of the results of implementing these tools in terms of 
the robustness of the model. 
As will be discussed in later chapters, a model was developed, a range of 
assessment tools were administered, and a mixture of quantitative and qualitative 
approaches were used to investigate the links between different capabilities and the 
links between capabilities across mathematics and science. This included an 
exploration of the different types of assessment available, and the design and 
administration of assessments of attitude and learning outcomes to students. 
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The findings from this study will make a contribution to the growing body of 
knowledge regarding assessment and provide teachers with processes for assessing 
mathematics and science. 
The study has generated information for educators to gain insight into 
alternatives to their current perspectives of the different aspects of student capability. 
Such insights can support or challenge notions of expectations of what students are 
able to learn and what kinds of instructional activities best promote that learning. 
The findings from this research may also provide educators with an innovative 
way of thinking about learning in mathematics and science, and ways of assessing 
mathematics and science in the classroom. It will encourage teachers to consider the 
balance between assessing student learning, and student performance, in mathematics 
and science. “Students need to be presented with material from scientific and 
mathematical learning areas as a way of thinking and not simply as an accumulation 
of knowledge”   (Mathematics, Science and Environmental Education Group, 
Deakin University (2004, p. 7). 
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CHAPTER 2 LITERATURE REVIEW 
 
This review of the relevant literature is in four major parts. The first of these 
has a focus on programs for school improvement that preceded the current research 
program and which articulated a need to expand conceptions of assessment. The second 
part then outlines the history of research in assessment that focuses broadly on cognitive 
and affective capabilities and continues with a review of thinking about assessment in 
the literature The third part focuses on major research projects that have sought to 
engender change within schools, which involved innovations in assessment that seek 
to identify and measure student learning and attitude. These projects and programs 
are presented in chronological order to provide the reader with a sense of where 
current practices have come from. The fourth and final part draws together the themes 
and ideas reviewed to mount an argument for a need to develop a model for student 
capability in mathematics and science, that can guide assessment.  
The review considers literature and research relevant to different types of 
assessment, and how these relate to educational outcomes and student learning. Thus 
the review will attempt to “make the link between learning goals and assessment 
practices much more explicit” (National Research Council, 2001, p. 2).  
2.1 Programs for school improvement 
In programs that aim at improving student learning through pedagogical 
change, assessment becomes an important issue, and some of these programs, 
including the IMYMS project within which this research is situated, have recognized 
the need to develop new assessment strategies to match new approaches to teaching 
and learning. Two significant Australian programs are particularly relevant to this 
work within IMYMS. 
The Queensland School Reform Longitudinal Study (QSRLS) – often referred 
to simply as New Basics – sought to bring together the multiple elements of 
curriculum, pedagogy, and assessment in the form of New Basics, Productive 
Pedagogies, and Rich Tasks, respectively (see, for example, Education Queensland, 
2002). The New Basic Categories are “clusters of practice … in the worlds the 
students have to deal with” (Matters, 2001, p. 2). In a similar way to SIS, Productive 
Pedagogies provides a framework for effective teaching consisting of four 
dimensions: intellectual quality; connectedness; supportive classroom environment; 
and recognition of difference. The focus on Rich Tasks suggests a direct link 
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between productive assessment and performance, with students inferring “that what is 
assessed is what the system values” (Matters, 2001, p. 5). 
The School Innovation in Science (SIS) initiative (Tytler, 2007b, 2009) 
developed a framework of effective teaching and learning in science, and a strategy 
for school and teacher improvement, that drew substantially on ideas from research in 
middle years pedagogy and school change. The focus of the project was on 
improving teaching and learning in science classrooms using the school science team 
as the change agent. Some of the outcomes from the project include improvements in 
student achievement and attitude, measured changes in teaching and assessment 
practice and positive responses from teachers, coordinators and principals as regards 
cultural shifts in science (Deakin University, 2003a). 
As a result of the SIS Project, the Middle Years Pedagogy Research and 
Development (MYPRAD) Project was undertaken. MYPRAD conceptualised the 
different elements of schooling that interact in the change process (Deakin 
University, 2003b) and developed a Component Mapping instrument to facilitate 
reflection by teachers on their classroom practice. This was drawn from a large body 
of research including the SIS project, and preserves the fundamentals contained in the 
SIS components.  While the Improving Middle Years Mathematics and Science 
(IMYMS) project was modelled on these previous projects, it set out to develop a 
middle years school improvement model that took into account the subject cultures of 
both mathematics and science, and their influence on school and teacher change. 
Thus, like a number of Australian projects, IMYMS has embedded teacher 
professional development within the school context to focus attention on the different 
ways in which teachers relate to students, colleagues, the school leadership and the 
wider community. 
The IMYMS Components have a stronger focus on conceptual learning in 
mathematics and science when compared to either the MYPRAD or the SIS 
Components (see Section 1.1 and Appendix 1). While the SIS project encouraged 
schools to examine and develop assessment strategies, it encountered difficulties in 
representing what was happening in classrooms, as the assessments used were 
constrained to multiple-choice and did not represent all aspects of learning. 
In order to fully represent the range of learning, there was a need to develop 
alternative assessment strategies in IMYMS. 
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2.2 Cognitive and affective capabilities 
The fields of intelligence and education are so intimately bound together that it would be 
impossible to understand intelligence without knowing about its relation to education. 
(Mayer, 2000, p. 519) 
 
This section will examine the evidence relating to whether student thinking 
can be assessed as a singular, domain general cognitive ability, or whether student 
capability fundamentally consists of multiple, discrete aspects, possibly including 
affective aspects of capability. 
2.2.1 Assessing cognitive capabilities 
General cognitive ability can be referred to as the “ability to reason, plan, 
solve problems, think abstractly, and comprehend complex ideas” (Gottfredson, 
1997, p. 130). The prediction of academic performance has been largely associated 
with the construct and measurement of a person’s intelligence. Whilst intelligence or 
general cognitive ability is supported by a large number of researchers, such as 
Lubinski, (2004), as being capable of predicting academic success (Kuncel, Hezlett, 
& Ones, 2004), and health and longevity (Gottfredson & Deary, 2004), there are also 
those who dispute the existence of intelligence as a legitimate and useful construct, 
for example, Horn and Noll (1997) and van der Maas et al. (2006). 
In a study by Brunner (2008), two theoretically grounded structural models 
were applied to investigate the relationships between domain-general cognitive 
abilities and domain-specific verbal and mathematical abilities with students’ 
educational characteristics. Brunner identified two structural conceptions of cognitive 
abilities in his study. The standard model of cognitive abilities that is used 
predominately in educational research includes three broad cognitive abilities: “fluid 
ability (the ability to reason), verbal ability (the ability to comprehend) and 
mathematical ability (the ability to understand and apply the concepts and skills of 
mathematics)” (Brunner, 2008, p. 153). Other recent studies using this standard 
model are those of Ackerman and Bier (2006), Shea, Lubinski, and Benbow (2001), 
and Swanson and Beebe-Frankenberger (2004). The standard model approach does 
not acknowledge the existence of general cognitive ability. 
The second approach applied in the study was Brunner’s (2008, p. 152) 
“nested factor model”, which identifies three cognitive abilities: general cognitive 
ability, specific mathematical ability, and specific verbal ability. Domain-general 
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cognitive ability and the two domain-specific abilities are conceived by the researcher 
to be independent of each other. Depending on the structural model applied to the 
data, results varied on the relationships between domain-specific abilities and 
students’ socio-economic status, general school satisfaction, educational aspirations, 
domain-specific interests, and subject-specific grades. 
Ackerman (1996) argues that longitudinal studies, such as the Trends in 
Mathematics and Science Studies (TIMSS), should apply psychometric measures that 
capture general cognitive ability and domain-specific abilities, as well as measures of 
personality and achievement motivation. 
In a study by Furnham et al. (2003), three sets of variables – personality traits, 
cognitive ability, and beliefs about intelligence – were used to predict academic 
performance. The five personality factors that were assessed using the Revised NEO 
Personality Inventory (NEO-PI-R) questionnaire were: neuroticism, extraversion, 
openness to experience, agreeableness, and conscientiousness. It was shown that 
these five personality traits were better predictors of academic performance than 
cognitive ability, beliefs about intelligence, and gender. 
Previous research by Snow (1992, 1995) supports Furnham’s findings, 
suggesting in his dissertation that personal variables, such as abilities, attitudes, 
personality traits, and prior knowledge, interact to effect learning and academic 
performance. 
A similar study by Leeson, Ciarrochi, and Heaven (2008) assessed the extent 
to which cognitive ability and positive thinking variables co-determine academic 
achievement among high school students. The three positive thinking variables used 
were self-esteem, hope, and attributional style. The results demonstrated that “both 
psychometric g and positive thinking predict school achievement” (Leeson et al, 
2007, p. 633). These findings support the importance of personality in predicting 
academic performance, suggesting that intelligence does not explain all of the 
variance in school achievement. 
Baumert, Ludtke, Trautwein, and Brunner (2009) provided evidence in 
support of the distinction between intelligence and student achievement. Using data 
from large-scale assessment studies such as TIMSS and PISA, they sought to 
investigate the claim that these student assessment studies and intelligence tests 
measure a single cognitive ability that is nearly identical to general intelligence, g. 
The researchers found that the student assessment studies do indeed measure more 
than a single ability: ”Student assessment studies measure the results of cumulative 
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processes of knowledge acquisition that are moderated to some extent by reasoning 
ability” (Baumert et al., 2009, p. 174). 
Pajares and Miller (1997), assessed whether students’ self-efficacy 
(judgments of their capability to accomplish specific academic tasks) were important 
determinants of academic motivation, choices and performance. Students were 
assessed using two forms of assessment – traditional multiple choice versus open- 
ended “fill in the blank”. Whilst there were no differences in self-efficacy due to the 
different forms of assessment, students who took the multiple choice performance test 
obtained higher scores than those students who took the open-ended test. The authors 
found that the differences found between the relationships between students’ self-
efficacy and performance depended on the method of assessing performance. 
Howard Gardner (1983) argued that traditional schooling emphasizes only 
two abilities, verbal-linguistic (especially in written form) and logical–mathematical. 
Yet there are many other kinds of knowledge or talents that enrich our lives and help 
us respond effectively to our environment. He listed the following seven 
intelligences, while emphasizing that there are many others as well: 
• Visual Spatial 
• Bodily-kinaesthetic 
• Musical-rhythmical 
• Interpersonal 
• Intrapersonal 
• Logical-mathematical 
• Verbal-linguistic 
 
Gardner (1983) argued that schools need to recognize that students have 
different ways of learning and that offering students different ways of expressing that 
learning is important. 
Treffinger (in Renzulli & Reis, 1986) states that: 
In order to promote the development of effective, independent learning based on students’ 
strengths and talents, it is necessary for us to be able to define and recognize the 
importance of several dimensions of cognitive ability, performance and personality that 
are closely associated with effective independence. This includes the student’s learning 
ability and unique talents in specific areas, creativity, motivation, learning styles and 
preferences, and particular areas of experience and interest. (p. 433) 
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2.2.2 Assessing affective aspects of capability 
In 1948, a group of educators developed a classification system for the three 
domains of education goals and objectives – the cognitive, the affective and the 
psychomotor. This became known as Bloom’s Taxonomy of the Cognitive Domain 
(Bloom, Englehart, Furst, Hill, & Krathwohl, 1956). This was revised in the mid- 
nineties and the new taxonomy of the cognitive domain contains the following six 
categories: creating, evaluating, analysing, applying, understanding, and 
remembering (Anderson et al., 2000). 
The affective domain was defined by Krathwohl, Bloom and Masia (1973) as 
the feeling, values, appreciation, enthusiasms, motivations and attitudes of 
educational learning. 
According to Martin and Biggs (1986), instructional designers have failed to 
integrate affective behaviours with cognitive behaviours: “Many of the new curricula 
projects were developed to teach learners cognitive skills, strategies, and knowledge”, 
yet they disregarded the affective aspects of the curricula (p. 11). One reason for this 
is that while cognitive behaviours are easy to identify and measure, affective 
behaviours are more difficult to define and measure. As Bills (1976) states “I have 
concluded that unless we can achieve a better concept of affect, we will never be able 
to deal with it in our classrooms or in our research” (Bills et al., 1976, p. 10). 
Martin and Biggs (1986) concluded that integrating the affective and 
cognitive domains can positively influence learning and learners and that further 
research is needed to determine “the relationship among categories of the cognitive 
and affective domains” (p. 463). Further, the integration of the cognitive and affective 
domains is recognized as a positive influence in facilitating student achievement 
(Martin, 1986; Lashari et al., 2012). 
Lashari et al. (2012) propose an affective-cognitive framework in order to 
promote learning and “result in effective engineers for future development” (p. 11). 
The affective domain is also seen as one that motivates students and prolongs their 
learning efforts (Cruickshank & Fenner, 2007). 
Recent studies have also recognized the importance of integrating affective 
and cognitive domains into the mathematics curriculum (Zanet et al., 2006; 
Furinghetti & Morselli, 2009; Blanco et al., 2010), while studies by Báez (2007), 
Harskamp and Suhre (2007), and Hoffman and Spatariu (2008) have investigated the 
relationship between pupils' self-efficacy and their performance. 
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Further research by Caballero, Blanco and Guerro (2011) found that affective 
factors in the teaching and learning of mathematics, such as “the perseverance in the 
search for solutions, confidence in one's ability to arrive at the solution, and a positive 
attitude in comparing solutions with peers”, have a positive influence(p. 281). 
 Tan et al. (2013) observed that use of this cognitive-affective integrative 
teaching approach is potentially helpful in getting students to be more aware of the 
“important values, positive social habits and effective life skills” while they are 
learning school science (p. 2). 
Other studies have also shown that whilst primary students of science showed 
positive attitudes towards science, these decreased with age during their secondary 
education (Beauchamp & Parkinson, 2008; Murphy & Beggs, 2003; Osborne, et al., 
2003; Osborne, et al., 2009; Simpson & Oliver, 1990; Santos-Gouw, Pereira, & 
Bizzo, 2013). 
In a study by Siegfried (2012), the strand of Productive Disposition as defined 
in Kilpatrick, Swafford and Findell’s (2001) model of mathematical proficiency (see 
Section 2.6.1) was the basis for a research study of elementary school teachers. In 
order to help students become more mathematically proficient, he studied the 
productive disposition aspect as outlined in Kilpatrick et al.’s model “so that we can 
better understand how to help our students build stronger productive dispositions and 
thus help them become more mathematically proficient” (Siegfried, 2012, p. 6). 
Siegfried identified eight constructs related to Productive Disposition. These were 
affect, beliefs, goals, identity, mathematical integrity, motivation, risk taking, and 
self-efficacy (Siegfried, 2012, p. 24). 
Graven et al. (2013) also recognized that assessments, particularly 
mathematics assessments, have “tended to ignore” assessment of the productive 
disposition aspect of capability (p.29). They designed an instrument, which was used 
to collect data on the learner’s dispositions. They acknowledge the complexity of 
gathering this dispositional data and recommend educators to also use “recorded 
observational data” (Graven et al., 2012, p. 36) from video observations in order to 
capture the full dispositional dimensions of students. 
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2.2.3 Linking the affective and cognitive domains 
International testing regimes have often included attitudinal scales, allowing 
for an examination of the link between attitude and achievement in the cognitive 
domain. The findings have thus far been mixed. 
TIMSS included assessment of student attitudinal scales, and has been able to 
examine the relationship between these and achievement. The results from the 2011 
TIMSS mathematics assessment for fourth grade students showed a positive 
relationship between student attitudes toward mathematics and their mathematics 
achievement. Internationally, 48% of fourth grade students in mathematics agreed 
with the statement that “I like learning mathematics”. These students had a higher 
average achievement score than those who only somewhat liked or did not like 
learning mathematics. While fewer eighth grade students reported positive attitudes 
towards learning mathematics (26%), these students also had a high average 
achievement score than those who only somewhat liked or did not like learning 
mathematics (Martin et al, 2012a). Similarly in science, the 53% of fourth grade 
students reported that they liked learning science, had a higher average achievement 
score than the other students. Again fewer eighth grade students reported liking 
science (35%), and again they had a higher achievement score than those who did not 
(Martin et al, 2012b). 
The PISA assessments also included measures of dispositional factors, which 
allowed links to be made between these and achievement performance. The PISA 
results for 2012 (OECD, 2013a, 2013b) show that students from countries with 
mathematics achievement values above the OECD average believe that “they are in 
control of their success and that they are capable of achieving at high levels” (p. 21). 
There is also a link between achievement and attitude to work and effort. Shanghai-
China had the highest scores in mathematics and was also one of five top performers 
in science. Seventy-three per cent of students from Shanghai-China believed that in 
order to achieve at high levels they need to be prepared to work hard. Students’ 
performance in mathematics was found to be positively associated with their 
motivation, self-belief, and dispositions towards learning mathematics. 
The Australian National Assessment Program – Science Literacy (NAP – SL) 
(Australian Curriculum Assessment and Reporting Authority, 2012), which assesses 
scientific literacy every three years with random samples of students from Year 6, 
also generates data on student attitudes and perceptions. The assessment instrument 
consists of a paper-and-pen assessment consisting of multiple choice and open-ended 
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items, as well as two practical tasks. Students also completed a Student Survey about 
their perceptions of and attitudes to science. 
The 2012 analysis showed that 51 per cent of students attained the Proficient 
Standard or better in scientific literacy. The analysis from the 2012 NAP-SL showed 
weak to moderate correlations between achievement and the attitude/perception 
survey items in science. Survey items related to self-concept in science had the 
highest correlations with test performance (Australian Curriculum Assessment and 
Reporting Authority, 2012, p. xix). That is, a higher mark in scientific literacy was 
related to a higher self-concept in science. 
There is increasing recognition of the importance of dispositional factors in 
framing student achievement, and the need to focus on and monitor these as part of 
curriculum provision. In 2008 Australian Education Ministers, seeking to improve the 
educational outcomes for all Australian students, published the Melbourne 
Declaration on Educational Goals for Young Australians (MCEETYA, 2008b). The 
declaration recognized the middle years of schooling as an important phase of 
learning for students. It is important to engage students and motivate them throughout 
these years in order to have a significant impact on student outcomes. “Student 
motivation and engagement in these years is critical, and can be influenced by 
tailoring approaches to teaching, with learning activities and learning” (MCEETYA, 
2008b, p. 12). 
More recently the MCEETYA four-year plan 2009 – 2012 records how 
Australian governments will support the implementation of these key strategies and 
initiatives for young Australians including the “preparation of varied and engaging 
teaching and learning approaches relevant to middle years students, including the use 
of innovative learning technologies that respond to the needs and characteristics of 
this unique phase of development” (MCEETYA, 2009, p. 11). 
The literature discussed above, dealing with the question of the existence of 
multiple cognitive and other aspects of capability that have an impact on student 
achievement, raises the question of whether assessment instruments need to be more 
systematically designed to adequately capture all aspects of student performance. 
2.2.4 Summary of affective and cognitive capabilities 
The affective and cognitive aspects of capability reviewed in the proceeding 
sections identify a range of aspects that are often assessed. Cognitive capability in 
educational research refers to the ability to reason, the ability to comprehend and the 
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ability to understand and comprehend concepts and skills. Researchers believe that 
these cognitive aspects of capability can be used to predict students’ academic 
performance.  
Affective aspects of capability refer to students’ feelings, their attitudes and 
motivations to educational learning. Affective aspects of capability are seen as being 
more difficult to assess than cognitive aspects.  
Recent studies have integrated aspects of affective and cognitive capability in 
order to capture the full dispositional dimensions of students’ performance. 
International studies that have investigated links between students’ attitude and 
achievement have reported mixed results. 
  
2.3 Types of assessment 
 
Assessment has always played an important role in education, however 
recently educators have begun to concentrate more on improving educational 
assessment. Numerous researchers have become interested in problems of educational 
assessment: the need to develop a more coherent view of how people learn 
mathematics and science with methods for assessing what they have learned. In this 
section, relevant research and literature are reviewed to help identify how best to 
assess students’ understandings and achievement. 
Assessment of students may involve activities pursued by teachers to keep 
track of student learning for purposes of making instructional decisions and providing 
helpful feedback to students. It can also provide evidence for teaching purposes, for 
certification of achievement, for management purposes, for selection purposes and 
for monitoring purposes in development projects. Lai and Griffin (2001) describe the 
purpose of assessment as “engagement in procedures that aim to gather and interpret 
evidence regarding achievement” (2001, p. 4). Koretz, Broadfoot and Wolf (1998) 
provide a range of new policy goals for assessment, such as raising achievement, 
changing the focus of curriculum priorities through assessment, assuring standards, 
and introducing performance management systems for teachers.   
Crooks (2001) defines assessment of learning as being roughly equivalent to 
summative assessment – assessment intended to summarize student attainment at a 
particular time. This can include high-stakes testing and grading in the classroom. 
However, assessment for learning is roughly the same as formative assessment – 
assessment intended to promote further student learning. The intent of this type of 
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assessment is to create more learning in the classroom. The phrase “assessment for 
learning” has been used and defined by a range of authors internationally – in the 
United Kingdom (Assessment Reform Group, 1999; Wiliam & Lee, 2001), in New 
Zealand (Crooks, 2001), and in the United States (Shepard, 2000). 
The review will concentrate on literature pertaining to assessment practices 
that claim to provide a basis for classroom learning. The literature reviewed will 
avoid that which illustrates the type of “assessments that … may be unrelated to their 
[the teachers’] instructional goals and the students’ learning activities to the extent 
that the assessment cannot provide any meaningful formative and summative 
evidence about what learning has taken place” (Dwyer, 1998, p. 3). 
For some time there have been criticisms of the quality of learning in schools, 
particularly flowing from the results of international assessment programs. Australian 
students’ performance in international mathematics and science assessment programs, 
such as the Third International Mathematics and Science  Study (TIMSS) and the 
Programme for International Student Achievement (PISA), have helped focus the 
nation’s attention on the variability of student achievement (see, for example, Doig, 
2001; Hollingsworth, Lokan, & McCrae, 2003; Organisation for Economic Co-
operation and Development, 2001). 
At the same time, in recent decades, there has been a shift in how educators 
have understood and implemented assessment practices. The changing nature of work 
has contributed greatly to the development of new educational beliefs and values by 
placing more emphasis on factors such as creativity, initiative, entrepreneurial skills 
and the ability to think critically (Blake, 2000). 
The National Statement on Mathematics for Australian Schools (Australian 
Education Council, 1991a) gave a powerful endorsement to a broadened conception 
of mathematics for all young people. It emphasized the importance of problem 
solving, making and testing conjectures, undertaking structured and open-ended 
investigations both individually and collaboratively, formulating simple mathematical 
models as well as recognizing, using, and evaluating standard mathematical models. 
A call for a broader conception of science was made similarly with the National 
Statement on Science for Australian Schools (Australian Education Council, 1991b). 
Assessment in the past in mathematics and science has concentrated on so- 
called traditional tests, usually pencil-and-paper timed tests, which emphasized recall 
or simple skills. Many schools still put an emphasis on this type of assessment and 
many teachers resist expanding the range of their assessment practice to include 
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things such as practical work, student observation, or other forms. If the curriculum 
innovations promoted by the national statements are to be supported, there is a need 
for assessment that not only provides good information to support decision making 
for the student and the school system, but also helps to improve student achievement 
on a wider range of learning outcomes. 
Educational assessment has been divided traditionally into two major classes: 
summative and formative (Anastasi & Urbina, 1997). Michael Scriven (1967) 
distinguished the formative and summative roles of curriculum evaluation arguing that 
“…educational projects, particularly curricular ones, clearly must attempt to make best 
use of evaluation in both these roles” (Scriven, 1967, p.43). These two types of 
assessment are described briefly in the following sections. 
2.3.1 Summative assessment 
Summative assessment is used to measure student learning at the completion 
of a course or unit. This form of assessment has long dominated school assessment. 
Black and Wiliam (1998b) identified the following negative effects on learning 
arising from this type of assessment: 
• Reducing mathematics and science to learning of isolated facts and skills; 
• Lowering the cognitive level of classroom work; 
• Students work at too great a pace for learning to be effective as 
they race through the content that is to be included in the test; 
• Considerable teaching time is devoted to direct preparation for the test; 
• Student questioning is inhibited; and 
• Creative, innovative methods and topical content are omitted. 
 
Summative assessment tasks are often in the form of multiple-choice 
questions in which a student selects the correct answer from a set of alternatives 
supplied. Many large-scale assessment programs use this type of item, as it is 
economical to produce the items and to analyse the results. There are, of course, 
exceptions to this, as illustrated by the Victorian Science Achievement Study (Adams, 
Doig, & Rosier, 1991), which used and extended response items. 
Summative assessment can help clarify at which level of achievement students 
are operating, and thus we need to develop summative assessments that are based on 
a clear view of the aspects of student capability at which we are aiming. 
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2.3.2 Formative assessment 
Formative assessment, or assessment for learning, is aimed at improving 
learner performance through feedback. It can reveal information about learners that 
can be used to guide the planning of teaching so that it takes account of students’ 
existing conceptions and belief systems. This is related to another type of assessment, 
diagnostic assessment, which is designed to identify particular misunderstandings 
that lead to specific errors or problems. Its aim is to inform teachers, parents and 
students of remedial needs (Galbraith, 1995). In most cases, diagnostic assessments 
are conducted using one-on-one interviews, as in the Early Years Numeracy Interview 
(Department of Education and Training, 2001) used in Victorian primary schools. 
This form of assessment is intensive and highly demanding of time, a factor that 
mitigates against its wide-scale use. 
Black (1993) argues that “good formative assessment can be a powerful tool 
for raising standards of learning, but that it is generally badly underdeveloped in 
schools. There is therefore a tremendous opportunity for improvement” (p. 84). 
The introduction of formative assessment requires changes to the roles of 
learners and teachers, and to the relationship between them. Formative assessment 
involves a strong link between assessment and teaching. For instance Griffin (cited in 
Frederiksen & White, 1997) describes how teaching activities need to be planned 
with clear reference to the outcomes that are to be assessed. 
Fernandes and Fontana (1996) trained 25 Portuguese teachers of mathematics 
in self-assessment methods. They put these methods into practice with over 300 
children aged from 8 to 14 years. A control group of students was also involved in the 
project. After a series of pre- and post-tests of mathematics achievement, the 
experimental group showed significant gains. The assessment work focused on self- 
assessment by the pupils: they were taught to understand the learning outcomes and 
assess their own learning outcomes. 
An approach by Whiting, Van Burgh, and Render (1995) also provides 
evidence of substantial learning gains in the classroom. Whiting used mastery 
learning with over 7000 students over a period of 18 years. The students studied the 
topic further if they received a lower score until they satisfied the “mastery criterion”. 
Whiting achieved a high success rate with his students due to the learning system that 
emphasized the “quality and communication of the assessment feedback” (Whiting et 
al., 1995, p. 4). 
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Frederiksen and White (1997) developed an inquiry-based science curriculum 
in the middle school. Twelve classes of 30 students were taught about force and 
motion using an inquiry cycle model involving experiments and computer simulation. 
Part of the class time was used by the control group to discuss the model, whilst the 
experimental group discussed the model and adopted reflective assessment – with an 
emphasis on self-assessment and peer assessment. The results of the study were that 
students who best understood the assessment process achieved the highest scores 
(Frederiksen & White, 1997). 
The quantitative comparisons of learning gains in the above examples 
emphasize the success of the formative approach. The authors found that introducing 
formative assessment into the classroom environment led to significant learning gains 
in students’ achievement compared to programs focusing on particular learning 
theories and diagnostic pre- and post-tests. The effectiveness of formative 
assessment, however, depends on the quality of the feedback provided to students 
(Black & Wiliam, 1998a). 
2.3.3 Reporting assessment 
An assessment activity can help learning if it provides information to be used as feedback 
by teachers, and by their students in assessing themselves and each other, to modify the 
teaching and learning activities in which they are engaged. Such assessment becomes 
formative assessment when the evidence is used to adapt the teaching work to meet 
learning needs. (Black, Harrison, Lee, Marshall, & Wiliam, 2003, p. 10) 
Black and Wiliam (1998a) cited a number of studies linking assessment with 
improvements in student learning. Their review of the literature showed that gains in 
learning were associated with formative assessment. 
Doig and Lindsey (2002) describe a way of deriving formative and summative 
assessment from a single assessment in order to improve the reporting of student 
performance in mathematics, claiming that linking achievement and understanding 
can create “a pedagogical framework from which suitable teaching and learning 
strategies can arise” (p.233). Doig (2001) developed this idea in detail, devising an 
assessment approach that potentially allows formative information to be gleaned from 
appropriately designed large-scale assessment programs. 
Thus, it would appear sensible to consider both formative and summative 
reporting of student capabilities, wherever possible, to maximize the benefits to 
students and their teachers. 
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Reporting the outcomes of assessment can be couched in either a comparative 
format, as in norm-referenced methods, or as criterion referenced. In the former case, 
a student’s results are compared to other students. For example, a common 
comparison is one based on age: in this case a student is compared to others of the 
same age in order to understand how they are developing. Norm referencing is 
primarily used in commercial assessment instruments and for reporting the results of 
sub-groups of students in large-scale assessment programs (see, for example, Masters 
et al., 1990). 
Criterion-referenced assessment reports the extent to which a student has 
mastered a particular piece of content, skill or process. “In criterion-referenced 
interpretation, a student’s results indicate their position on a continuum of 
developing competence in relation to an area of learning” (Griffin, 2014, p. 30).  
Learning is viewed as a “ladder” of ever increasing understanding. This form 
of reporting assessment results is clearly evident in Developmental Assessment (see, 
for example, Masters & Forster, 1996). 
 
Table 2.1 
Australian assessment strategies (2001) 
A. TESTS Teacher-devised 
Standardised 
1. Multiple-choice 
2. True-False 
3. Short answer 
4. Matching 
5. Cloze 
6. Interpretive 
7. Concepts maps 
8. Essays / extended writing 
9. Interviews / conferences 
B.  PERFORMANCE   
ASSESSMENT 
Systematic observation 
Focused observation 
Non-specific 
observation 
10. Anecdotal records 
11. Checklist 
12. Rating scales 
C.  PRODUCT 
ASSESSMENT 
 13. portfolios 
14. Exhibitions 
15. Projects 
D. SELF-ASSESSMENT  16. Journals 
(Also the above, particularly 
the performance and product 
assessment strategies) 
 Source: Brady & Kennedy (2001, p. 28) 
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A useful classification of assessment strategies, in the Australian context, is 
provided by Brady and Kennedy (2001, p. 28) – see Table 2.1. 
2.3.4 Summary of types of assessment 
The types of assessments reviewed in the proceeding sections identify the 
range of assessments that are used to assess students’ understandings and 
achievement. Educational assessment has traditionally been divided into two main 
types: formative and summative assessment.  
Summative assessment is often used to measure student achievement and is 
often found in the form of multiple choice test items that are easy to produce and 
analyse. On the other hand formative assessment is aimed at improving the students’ 
performance through feedback. This type of assessment is characterized as 
assessment for learning.  
Whilst a number of studies link formative assessment with improvements in 
student learning, the consensus would be that both formative and summative 
assessment should be considered when developing and reporting on student 
capability. 
2.4 Examples of assessment projects and programs 
Assessment projects attempt to explore the possibilities of newer conceptions 
of assessment practice. Some of these projects are designed to influence classroom 
practice. Newer conceptions of assessment practice have also arisen through the 
implementation of large-scale assessment programs, which have been used in many 
countries to assess the “health” of the education system. Some examples of both 
types are discussed in this section to provide a sense of what assessment means in the 
wider education community. The examples described span thirty years of endeavour 
in educational assessment. 
2.4.1 The Assessment of Performance Unit (APU) 
The Assessment of Performance Unit (APU) was set up in the United 
Kingdom in 1975 to promote the development of methods of assessing and 
monitoring the achievement of 13 year-old students at school and to seek to identify 
the incidence of under achievement (Department of Education and Science Welsh 
Office, 1989.). The research team, comprised of staff from Kings College, University 
of London, and the University of Leeds, carried out five surveys of 13 year-old 
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children in science. The pupils came from all types of schools in England, Wales,  
and Northern Ireland. The APU assessment differed from traditional science 
assessment at the time in that it focused on the performance of a population rather 
than of individuals, and on the process-related skills of science rather than its  
content. Thus the assessment was to provide a description of science performance for 
the population as a whole. 
The categories and sub-categories of the APU assessment framework were 
influenced by a proposal for a cross-curriculum model of assessment initially 
expressed by Kay (1975). By implementing this model, the effect was to emphasize 
“science processes” and to devalue the recall of facts. The framework was comprised 
of a number of assessable process-related skills that were organized into six 
categories, and further sub-categories. These are shown in Table 2.2. 
 
Table 2.2 
The APU science assessment framework for ages 13 and 15 
Category Subcategories 
Use of graphical and symbolic 
representation 
Using graphs, tables and charts 
Using scientific symbols and conventions 
Use of apparatus and measuring 
instruments 
Using measuring instruments 
Estimating physical quantities 
Following instructions for practical work 
Observation Making and interpreting observations 
Interpretation and application Interpreting presented information 
 Judging the applicability of 
 statements to data 
 Distinguishing degrees of 
 inference 
Applying: 
 biology concepts 
 physics concepts 
 chemistry concepts 
Generating alternative hypotheses 
Planning of investigations Planning parts of investigations 
Planning entire investigations 
Identifying or proposing testable 
statements 
Performance of investigations Performing entire investigations 
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Although the sub-categories were portrayed as independent of one another, it 
was acknowledged that students would use more than one “process skill” to answer a 
question. For example, a question could require students to use some interpretation, 
some observation, or some symbolic representation. This tendency to overlap was 
expected and the researchers ensured that the main load of the required response lay 
clearly in the relevant category. 
Equivalent assessments were developed for each category, and these 
contained questions that tested a science process or skill, and not recall of knowledge, 
and matched one of the categories. The questions were written in a wide range of 
styles in order to allow all pupils to demonstrate their ability. Some of the categories 
were assessed using paper-and-pencil formats, and some by practical work. Some of 
the questions were open-ended. The practical tests involved a range of tasks. Students 
were observed while carrying out the tasks and checklists were used to record the 
observations. 
An example of an APU Science Question is given below in Figure 2.1. 
A team of scientists was testing cars to find out if the distance a car took to stop (the 
braking distance) was affected by the mass of the car. 
They used three cars with different loads to find this out. 
If it is to be a fair test they should be careful to keep some things the same for each 
car in case they make it different to the results. Suggest three things that should be the 
same. 
1 ……………………………………………………………………………… 
2 ……………………………………………………………………………… 
3 ……………………………………………………………………………… 
 
Figure 2.1. An example of an APU Science Question  
(Category – Planning of Investigations) 
 
In mathematics, a series of annual surveys of the mathematics performance of 
11- and 15-year-olds were carried out from 1978 to 1982 on behalf of the 
Assessment of Performance Unit. Further surveys were carried out in 1987 (Joffe & 
Foxman, 1989). The mathematics framework used had four main dimensions, as 
shown in Table 2.3. It reflects the diversity of mathematics with regard to the variety 
of mathematical activity and the range of content taught.   
All pupils involved in the survey completed a written test consisting of about 
50 short response items. A further sub-sample of students completed a written test, 
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which consisted of questions about a problem or a pattern that requires problem-
solving strategies. 
 
Table 2.3 
The APU mathematics assessment framework for ages 13 and 15 
Content Subcategories Context Learning Outcomes 
Number 
Algebra 
Geometry 
Measurement 
Probability 
Statistics 
Concepts 
Skill application  
Everyday situations 
such as social or 
practical. 
Other subjects such 
as physics and 
social studies. 
 
 
Understanding of 
concepts. 
Performance of 
routine skills. 
Application of 
problem solving 
strategies. 
Attitudes towards 
mathematics. 
Modes of Assessment 
Written Practical 
 
A third separate sub-sample of students undertook a practical test. 
Experienced teachers presented the practical tests to individual students. These 
teachers followed a script with all the questions and directions to be given to the 
students. However the testers were given some degree of flexibility by being able to 
ask students for clarification of a response. An example of an APU Mathematics 
Practical Question is given in Figure 2.2. 
 
You have been given sixteen 2cm square tiles. 
1.  Remove 3 tiles from the bag. 
“This is an investigation about making shapes with these tiles and counting the 
distance around the outside for each shape. The tiles can only be joined edge to edge 
(▄ ▄) or corner to corner ( ▀▄).” 
Make this arrangement ▄ ▄ ▀ 
“If we say that each edge is one unit long, what is the distance round the outside of 
this arrangement? 
If wrong answer given, ask 
“Show me how you got that.” 
If still incorrect, tester to count round outside to demonstrate answer. 
 
Figure 2.2. An example of an APU mathematics practical question (Category – Tiles) 
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Later questions in this task ask students to explore ways of maximising or 
minimising the perimeter. According to Foxman and Mitchell the practical tests were 
seen by the teachers as being a very valuable way of getting “an idea of how pupils 
think, their thought processes and deductions” (Foxman & Mitchell, 1983, p. 5).  
2.4.2 National Assessment of Educational Progress (NAEP) 
The National Assessment of Educational Progress (NAEP) program 
commenced in 1988 in the United States (National Assessment Governing Board, 
2004). NAEP is conducted by the National Assessment Governing Board for public 
and non-public school students aged 9, 13 and 17. However, since 1990 the 
assessments have assessed students in grades 4, 8 and 12. NAEP is authorized to 
collect, analyse, and report reliable and valuable information about what American 
students know and can do in core subject areas. NAEP is the basis of a national 
report, called the Nation’s Report Card. 
The NAEP mathematics and science framework specifies that multiple- 
choice, short-answer, and extended-response items are to be included in the 
assessment. Further, less than half of the assessment time should be multiple-choice, 
and about one-third of the constructed-response items should require an extended 
response. The framework also specifies that in addition to pencil-and-paper formats, 
about thirty percent of the assessment at each grade level will be devoted to 
“performance” or “hands-on” tasks. For this part of the assessment, students are 
provided with kits and they must manipulate physical materials to solve a scientific or 
mathematical problem, or conduct an investigation involving those materials. All of 
the items contained in the “hands-on” tasks are also classified according to the 
appropriate categories in the content and cognitive dimensions as well as the 
overarching categories of “nature of science” and “themes”. 
 
Which of the following has only 3 angles? 
A A triangle 
B A square 
C A rectangle 
D A cube 
 
Figure 2.3. An example of a NAEP multiple-choice mathematics item – Grade 4. 
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Communication is a unifying thread in the mathematical framework and 
emphasizes the inclusion of extended constructed-response items as a way for 
students to provide meaningful responses to mathematics tasks and demonstrate their 
ability to communicate mathematically. Two examples of NAEP items are given in 
Figures 2.3 and 2.4. 
 
Suppose that one spring a new type of large fish was put into the pond. So many were 
put in that there were twice as many fish as before.  
By the end of the summer, what would happen to the large fish that were already in 
the pond? 
Explain why you think these new large fish would have this effect. 
 
Figure 2.4. An example of a NAEP short constructed-response science item  
–  Grade 8. 
 
2.4.3  Basic Skills Testing Program (BSTP) 
This statewide assessment program in New South Wales commenced in 1989 
for students at Year 3 and continued to assess Years 3 and 5 annually until in 2008. It 
formed the basis for the current NAPLAN test, which is used across Australia. The 
framework used by the Basic Skills Testing Program (BSTP) as the basis of the 
mathematics assessment was the New South Wales state mathematics curriculum 
(Masters et al., 1990). The three aspects of the curriculum assessed are number, 
measurement, and space. The BSTP was fundamentally different from some other 
assessment programs that estimate and monitor standards of achievement at the 
system level. Whilst the BSTP results provided parents and teachers with 
information on the achievements of individual students in key areas of the 
curriculum, they also provided schools with “reliable, annual data on the 
performances of their students in relation to state-wide achievement levels” (Masters, 
et al., 1990, p. iv). Individual students’ results were interpreted according to the 
average performances of Year 3 and Year 6 students in NSW government schools, as 
well as in terms of the knowledge, skills and understandings that each student has 
mastered (Masters, et al., 1990). The Basic Skills Testing Program ended with the 
introduction of the National Assessment Program:  Literacy and Numeracy Plan 
(NAPLAN) in 2008. 
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2.4.4 Project Spectrum 
A ten year research project based on the theories of Gardner and Feldman, 
Project Spectrum, aimed to develop new means of assessing the cognitive abilities of 
pre-school children (Gardner, Feldman, Krechevsky, & Chen, 1998). They identified 
four distinctive features in the Spectrum approach to assessment: 
• Embedding assessment in meaningful, real world activities; 
• Blurring the line between curriculum and assessment; 
• Attending to stylistic dimensions of performance; and 
• Using measures that are intelligence fair. (Vol. 3, p. 1) 
 
Their aim was to identify potential, as well as current ability, in order to more 
effectively teach the child. “Once a child’s intellectual profile has emerged, targeted 
educational experiences can be provided that build upon her strengths, foster her self 
esteem, and broaden her life experience” (Gardner et al, 1998, Vol. 3, p. 4). 
The International Baccalaureate Organisation’s Primary Years Programme 
Assessment Handbook (International Baccalaureate Organisation, 2001) defined 
assessment as follows: 
Assessment is the gathering and analysis of information about student performance. It 
identifies what students know, understand, can do and feel at different stages in the learning 
process. (p. 1) 
It explained that assessment is integral to teaching and learning and aims to 
“thoughtfully and effectively guide students through the understanding of concepts, 
the acquisition of knowledge, the mastering of skills, the development of attitudes 
and the decision to take responsible action” (International Baccalaureate 
Organisation, 2001, p. 1). 
2.4.5 Trends in International Mathematics and Science Study (TIMSS) 
The Third International Mathematics and Science Study (TIMSS) was a 
survey of mathematics and science achievement sponsored by the International 
Association for the Evaluation of Educational Achievement (IEA) (Schleicher & 
Tamassia, 2000). The IEA, established in 1960, is an independent international co- 
operative of national research institutions and government agencies that has 
conducted comparative research studies on educational policies, practices and 
outcomes for the past thirty years. 
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The IEA studies were referred to as Third International Mathematics and 
Science Study in 1995, and subsequently, since 1999, as Trends in Mathematics and 
 Science Studies. They aim to provide countries an opportunity to measure 
progress in educational achievement in mathematics and science. 
In addition to the mathematics and science achievement assessments, 
questionnaires for pupils, and their teachers, provide a large quantity of information 
from several countries about the intended curriculum, the implemented curriculum, 
the achieved curriculum, and the experiences and attitudes of the students in the 
school. Students assessed by the TIMSS studies are from two groups: one target 
group is children of age 9, which is generally referred to as fourth grade, and the 
other target group is students aged 13, referred to as eighth grade. In some studies a 
last year of school cohort has also been included (Beaton et al., 1996). 
Students’ knowledge and understanding of mathematics and science were 
assessed by a range of questions in each subject. The TIMSS 2003 framework 
specified that both multiple-choice and constructed-response items (requiring 
students to provide a written response) be included in the assessment, with up to two- 
thirds of the assessment time coming from multiple-choice items. About two-thirds  
of the constructed-response items required a short answer, while the other third 
required a more extended response. 
Figures 2.5 and 2.6 provide some examples of TIMSS items. 
Sea water contains dissolved salts and is not suitable for drinking.  
Describe a procedure that can be used to obtain a cup of drinking water from a bucket of 
sea water. 
 
Figure 2.5. An example of a TIMSS extended constructed-response science item  
– Grade 8. 
  
(3, 6), (6, 15), (8, 21) 
Which of these describes how to get the second number from the first number in 
every ordered pair above? 
A  Add 3 
B  Subtract 3 
C  Multiply by 2 
D  Multiply by 2 and then add 3 
E  Multiply by 3 and then subtract 3 
 
Figure 2.6. An example of a TIMSS multiple-choice mathematics item 
 – Grade 8. 
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TIMSS also included performance assessment tasks as part of the assessment 
process for greater validity. The performance tasks were used to elicit from the 
students a variety of abilities, skills and knowledge. Students carried out a range of  
“hands-on” tasks and experiments involving the use of equipment. In the performance 
assessment for mathematics, the performance expectations were: using procedures 
and equipment, investigating and problem solving, and reasoning mathematically. In 
science the performance expectations were: using tools, routine procedures, and 
science processes. The mathematics tasks were Dice, Calculator, Folding and Cutting, 
Around the Bend, and Packaging (see Appendix 6 for examples of Performance 
Assessment Tasks). The science tasks included Pulse, Magnets, Batteries, Rubber 
Band, Solutions and Containers. Two of the tasks, Plasticine and Shadows, required 
students to combine their mathematics and science knowledge and skills. 
2.4.6 Achievement Improvement Monitor (AIM) 
The Achievement Improvement Monitor (AIM) was a state-wide assessment 
and reporting program in English (reading, writing, and spelling) and mathematics, 
for Victorian students in Years 3, 5, 7 and 9. The Victorian Curriculum and 
Assessment Authority (VCCA) was responsible for the AIM and the Victorian 
Essential Learning Standards (VELS), the curriculum that was the basis for the 
assessment (Victorian Curriculum and Assessment Authority, 2006). Students in 
Year 3 were assessed to identify their achievement levels. They were assessed again 
in Year 5 to monitor development. Year 7 students were assessed at the beginning of 
their secondary school experience and at Year 9 before completing the compulsory 
years of schooling. The assessments were supervised by classroom teachers and were 
paper-and-pencil assessments that required students to answer a number of questions 
by writing short answer responses. 
The results of the assessment were presented in an individual report to 
parents, which informed them about how their child was achieving in English and 
mathematics compared to: 
• other Victorian students in their child’s year level; 
• the average score on the AIM test; and 
• the standard expected of students at that year level. 
 
The information obtained from AIM English and mathematics assessments 
was used also for reporting against national benchmarks of minimum acceptable 
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standards for Australian students in English and mathematics. See Figure 2.7 for an 
example of an AIM mathematics item for Years 3 and 5. 
Draw a robot in the box below following these directions.  
The robot has a triangle for a head and a rectangle body. It has 2 legs and 2 arms.  
Each leg is a rectangle and each arm is made of 3 circles.  
You may give your robot some feet and a face if you wish. 
Figure 2.7. An example of an AIM mathematics item for Years 3 and 5 (2005) 
 
The AIM was replaced in 2008 by the National Assessment Program – 
Literacy and Numeracy (NAPLAN), which was intended to enable “nationally 
comparable reporting of aggregated performance data by States and Territories” 
(MCEETYA, 2008a, Chapter 5)  
In 2008, students in Years 3, 5, 7 and 9 in Australia were assessed on the 
same tests in reading, writing, language conventions (spelling, punctuation and 
grammar) and numeracy (working effectively with numbers, space and 
measurement). 
NAPLAN test results provide “rich, nationally comparable data on student 
performance across the range of student achievement” and allow student progress to 
be measured from year 3 to year 9 (MCEETYA, 2008a, Chapter 5). 
2.4.7 Programme for International Student Assessment (PISA) 
The Organisation for Economic Co-Operation and Development’s (OECD) 
Programme for International Student Assessment (PISA) was created in 1997 as a 
system of international assessments that focus on 15 year-olds’ capabilities.  
PISA bases its assessment of student outcomes on three domains of 
“literacy”: reading, mathematical, and scientific literacy. “In PISA, literacy is 
regarded as knowledge and skills for adult life” (Organisation for Economic Co-
operation and Development (OECD), 2000, p. 7). That is, PISA focuses on what 15 
year-olds will need in the future.  
The PISA assessment program runs on a three-year cycle. At each assessment 
time, one of the three literacies is a major focus, and the other two are minor foci. 
The results of the first cycle of PISA were published in Knowledge and Skills 
for Life – First Results from PISA 2000 (Organisation for Economic Co-operation 
and Development, 2000). The 2003 assessment had a major focus on mathematics. 
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The 2006 assessment focused on scientific literacy, with up to 10 000 students from 
42 countries surveyed. 
The PISA assessment uses authentic problem solving situations, or contexts, 
that involve the application of mathematical concepts, and employ the mathematical 
processes in the competency clusters that are described later.  
 
Figure 2.8.  An example of a PISA open constructed-response item 
 
The tasks include some stimulus information and a series of related items, but 
also some single questions. The assessment framework specifies a range of item 
formats, including multiple-choice, closed constructed-response, and open 
constructed-response formats. Roughly equal numbers of each of these item formats 
are included in the mathematical literacy assessment. See Figure 2.8 for an example 
of a PISA mathematical literacy item. 
Over the past few years, Finland has emerged at the top of international 
student assessments such as PISA, arguably largely due to its excellent leaders and 
teachers. Instead of relying on accountability from tests, “the Finnish system relies 
on the expertise and professional accountability of teachers who are knowledgeable 
and committed” (Sahlberg, 2011, p. 35). Standardised testing is not used in Finnish 
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schools. Finland’s education policy places emphasis on personalized learning and 
creativity within the school where the progress of individual schools are not 
compared against other, but they are judged on their individual development.  
Another reason for Finland’s top scores in international assessment programs 
is that testing in Finnish schools does not drive the curriculum. “Student assessment 
in Finnish schools is embedded in the teaching and learning process and is used to 
improve both teachers’ and students’ work throughout the academic year” (Sahlberg, 
2011, p. 37). Also teachers in Finnish schools are seen as being responsible for the 
academic performance and social development of students rather than “external 
assessors” (Sahlberg, 2011, p. 37). 
2.4.8 Mathematics Assessment Resource Service (MARS) 
An example of an assessment project is the Mathematics Assessment 
Resource Service (MARS). This framework for balanced assessment developed by 
MARS for problem solving in mathematics and science is multi-dimensional, 
embracing process, context, and performance aspects as well as subject content. The 
assessment tasks are not constrained by traditions in assessment, but aim to look at a 
broader range of performance in the domain under consideration, which has direct 
value in life and work outside the classroom. For example, the dimension of Task 
Type in mathematics includes Design or Plan, Evaluate, Optimize, Find Relations 
and Deduce from Data (Mathematics Assessment Resource Services, 2007). 
As an example of the MARS multi-dimensional assessment framework, the 
following dimensions for problem solving were developed by the MARS project: 
• Task Type 
• Conceptual Content 
• Context type 
• Practicality 
• Open-ness 
• Reasoning Length 
• Phases 
An example of how this looks in practice is the eighth grade task, T-Shirt. In 
this task students are required to: 
• systematically communicate about geometric shapes;  
• locate shapes on a grid; and 
• give a clear set of directions. 
The task instructions are described in Figure 2.9. 
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The design below is going to be used on a math team T-shirt. You accidentally took 
the original design home, and your friend, Chris, needs it tonight.  
Chris has no fax machine, but has a 10 by 10 grid just like yours … You must call 
Chris on the telephone and tell him very precisely how to draw the design on his 
grid.  
Prepare for the phone call by writing out your directions clearly, ready to read over 
the telephone.  
 
Figure 2.9. The design to be used in the T-Shirt task  
(Source: Mathematics Assessment Resource Service) 
 
As shown by this example, tasks in the MARS project assess a wide range of 
student capabilities, rather than a narrow range of recall or skills.  
2.4.9 Berlin Structure of Intelligence Test for Youth: Assessment of Talent and 
Giftedness 
A study by Freund, Holling and Preckel (2007) set out to investigate how 
well scholastic achievement can be predicted by cognitive abilities.  
 
 
Figure 2.10. The BIS model (Jager et al., 2006). 
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The Berlin Intelligence Structure (BIS) model (Jager, 1967, 1982, 1984) that 
features four different cognitive abilities, referred to as operations was utilized as a 
framework to integrate ability tasks of a diverse nature – see Figure 2.10.  
The following is a detailed description of the four operative abilities from the 
BIS model. 
• Reasoning Capacity (R) - The processing of complex information in tasks 
that are not immediately solvable, but rather require the subject to establish 
diverse relations and use exact formal-logical reasoning about relevant 
problem-solving information. 
• Speed (S) - Working speed, ease of perception, and concentration capacity, 
which are decisive in solving low-difficulty tasks. 
• Creativity (C) - Fluid, flexible, and original production of ideas, requiring 
diverse information, wealth of imagination and ability to see many different 
sides, variations, reasons, and possibilities in problem-oriented – not purely 
imaginative – solutions. 
• Memory (M) - Active storage in short-term memory and recognition or 
reproduction of verbal, numerical, and figural material. (Freund, Holling & 
Preckel, 2007). 
 
A multivariate analysis of composite scores in three subject domains 
(mathematics, natural science, languages and social sciences) was conducted using 
the four operative abilities above as predictors, as well as student gender and school 
type. 
 Whilst the results demonstrated meaningful differences in the relationships 
between the abilities “reasoning capacity had the largest impact on achievement in 
math and natural sciences, whereas creativity explained more variability in 
performance for social sciences” (Freund, Holling & Preckel, 2007, p. 3). 
2.4.10  Summary of assessment programmes  
The assessment programmes reviewed in the preceding sections illustrate the 
range of approaches adopted in order to establish student performance across a range 
of cognitive strands. A broad range of assessment formats has been used including 
performance and straight cognitive items, such as multiple choice and short written 
responses. Frameworks for constructing these assessments were developed (See, for 
example, NAEP, 2000).  
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While formats and frameworks vary, there are commonalities in the formats 
and some of the content strands assessed. In a similar fashion, the IMYMS study 
developed a framework with different item content in order to better map 
mathematics and science capability, and address the range of curriculum provision 
across the project schools. 
 
2.5 M o d e l s  o f  m a t h e m a t i c a l  a n d  s c i e n t i f i c  c a p a b i l i t y  
 
In order to develop a framework to support assessment, we need a perspective 
on what it means to learn mathematics and science, and, for the purposes of this 
proposed research, an understanding of the extent to which it is possible to develop a 
common perspective for both of these learning areas. This section describes some 
models that have been developed to describe capability (also referred to as 
proficiency) in mathematics and science, including frameworks proposed for 
assessing such capability. The term capability (or proficiency) is used here to 
describe the goals of teaching and learning in a particular subject area. 
2.5.1 Strands of mathematical proficiency 
A significant and influential example of a model of capability from 
mathematics developed by Kilpatrick, Swafford and Findell (2001) suggests that 
mathematical proficiency has the following five strands, or “aspects”: 
• conceptual understanding – comprehension of 
mathematical concepts, operations and relations 
• procedural fluency – skill in carrying out procedures 
flexibly, accurately, efficiently and appropriately 
• strategic competence – ability to formulate, represent, and 
solve mathematical problems 
• adaptive reasoning – capacity for logical thought, 
reflection, explanation and justification 
• productive disposition – habitual inclination to see 
mathematics as sensible, useful, and worthwhile, coupled with 
a belief in diligence and one’s own efficacy. (Kilpatrick, et al., 
2001, p.116) 
 
Kilpatrick et al. (2001) believe that these strands are “interwoven and 
interdependent” as shown in Figure 2.11. 
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Figure 2.11.  Intertwined strands of mathematical proficiency  
(Kilpatrick, et al., 2001, p.117)  
 
A study by Khairani and Nordin (2011) sought to assess three of the strands 
of mathematical proficiency proposed by Kilpatrick et al. (2001), namely Conceptual 
Understanding, Procedural Fluency, and Strategic Competence, among 14-year-old 
students. Khairani and Nordin developed and carried out a construct validation of a 
mathematics proficiency test and results confirmed that “mathematics proficiency 
was a significant determinant for each strand” (Khairani & Nordin, 2011, p. 45)  
The study found that all indicators in the model by Khairani and Nordin 
supported the model proposed by Kilpatrick et al. (2001). “Mathematics cannot and 
should not be taught as an isolated construct; rather, mathematics should be 
interwoven and interdependent among topics or strands” (Khairani & Nordin, 2011, 
p.46). 
A paper by Kepner and Huinker (2012), discusses the proposal to establish a 
multi-state assessment consortia in the United States to develop measures of 
mathematical practices by students. These assessments of student processes and 
proficiencies in mathematics education, as identified in the Principles and Standards 
for School Mathematics (NCTM, 2000) and Adding It Up (Kilpatrick, et al, 2001), 
are viewed as important assessments that should be nurtured, observed and 
monitored by teachers.   
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Kepner and Huinker list four “assessment claims” that demonstrate 
proficiency by a student. These include “Concepts and Procedures, Problem Solving, 
Communicating Reasoning and Modeling and Data Analysis” (Kepner & Huinker, 
2012, p. 29). Kepner and Huinker found that in order to assess the various strands of 
mathematical proficiency, it will require “assessment tasks and items that go beyond 
selected response items to include constructed response items” (Kepner & Huinker, 
2012, p. 29).  
A study by Ally (2011) investigated the extent to which the aspects of 
mathematical proficiency as developed by Kilpatrick et al. (2001) are facilitated by 
the teacher in the classroom in KwaZulu-Natal, South Africa. Kilpatrick et al.’s five 
intertwining strands of mathematical proficiency – Conceptual Understanding, 
Procedural Fluency, Strategic Competence, Adaptive Reasoning, and Productive 
Disposition – were used to represent the goals of mathematical understanding.  
In order to achieve these goals Ally studied four Grade 6 classes and looked 
at whether these five strands were promoted and whether students were exposed to 
the five strands simultaneously in the classroom environment. Using empirical 
evidence in the form of video recorded lessons and correlations between the 
variables, Ally found that “the extent to which the five strands of mathematical 
proficiency is promoted in the district of Umgungundlovu in KwaZulu-Natal is far 
below expectation” (Ally, 2011, p. 90). “Not only is the quality of the promotion 
weak but it is also irregular” (Ally, 2011, p. ii). Ally observed that whilst 242 
recorded five-minute lesson segments from the study contained 336 opportunities to 
develop mathematical proficiency, in reality teachers only provided 27.7% of 
opportunities to promote the strands of mathematical proficiency. Due to the absence 
of opportunities to promote mathematical fluency, this impacts on the development 
of learners’ mathematical understanding. “Creating opportunities that allow learners 
to connect complex representations during mathematics lessons assists in the 
promotion of mathematics understandings” (Ally, 2011, p. 97). This study by Ally 
supports South Africa’s position in international studies where the results from 
TIMSS placed South Africa “significantly below the mean scores of all other 
participating countries” (Howie & Plomp, 2002).  
A research project by Graven and Stott (2012) used Kilpatrick et al.’s (2001) 
framework of mathematical proficiency to analyse students’ responses to a numeracy 
assessment. They highlighted the difficulty with classifying students’ responses as 
either conceptual understanding or procedural fluency, and instead developed a 
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“procedural fluency spectrum” which allowed for a more flexible and intertwined 
assessment framework of students’ procedural fluency.  
As Groves (2013) acknowledges “developing the full gamut of these 
capabilities is by no means an easy task” (Groves, 2013, p. 16).  Groves identified 
various classroom practices that could be used to promote opportunities to develop 
Kilpatrick et al.’s five mathematical proficiencies in primary schools.  However, 
Groves concludes that “complex changes in teachers’ pedagogy” is necessary in 
order to develop all of the capabilities.  
Bleiler and Thompson (2012) adapted a model of curriculum development by 
Usiskin (2007) and used a multi-dimensional approach to assess students’ 
mathematical understanding across the following four dimensions: Skills, Properties, 
Uses, and Representations (SPUR). They proposed that by including all four of these 
SPUR dimensions it would “give insight into the robustness of students’ 
mathematical understanding” (p. 294). 
While the Kilpatrick et al. (2001) and subsequent related models are 
representative of perspectives on the goals of teaching and learning in mathematics 
and science often found in the literature, of particular interest for the proposed 
research is that they also represent possible frameworks for the assessment of 
learning. 
While a framework can be defined as “a representation of a particular 
phenomenon, in which objects and relationships characterized in the model 
correspond to selected objects and relations in the phenomenon being represented” 
(Schoenfeld, 1985, p. 248), Bell and Burkhardt (Undated) argue that a framework for 
assessment needs to allow for items that assess knowledge and skills as well as 
substantial reasoning. Thus, like the PISA assessment developers, they see a suitable 
framework as represented by the “specification of the domain of performance to be 
assessed” (Bell & Burkhardt, Undated, p.1). Anderson (1999) argues that the task 
confronting assessment specialists is not to advocate particular assessment strategies 
and techniques, but to determine the strategies and techniques that are most 
appropriate for particular cognitive processes. 
This view draws together both a framework for assessment and a model of 
capability, a model such as that described by Kilpatrick et al. (2001). How such 
models work in practice often raises concerns about fairness and validity, and, in the 
sections that follow, some well-known assessment frameworks are described that 
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illustrate how the constraints and opportunities of particular models of capability 
work in large-scale assessment practice. 
2.5.2 National Assessment of Educational Progress (NAEP) assessment 
framework 
The 1995 National Assessment of Educational Progress (NAEP) mathematics 
framework focused on three dimensions: mathematics content, mathematical 
abilities, and mathematical power (National Assessment Governing Board, 2004). As 
shown in Figure 2.12, the mathematics content dimension consisted of five broad 
mathematical strands, while the mathematical abilities dimension consisted of 
conceptual understanding, procedural knowledge, and problem solving. The third 
dimension, mathematical power, was composed of reasoning, making connections 
across mathematical content, and communication, which was viewed as both a 
unifying thread and a way for students to provide meaningful responses to tasks. 
 
 
Figure 2.12. The Mathematical Framework for the 1995 NAEP assessment 
(National Assessment Governing Board, 2004, p.11) 
 
The framework for the NAEP science assessment is shown in matrix form in 
Figure 2.13. It included a content dimension (fields of science) and a cognitive 
dimension (knowing and doing), as well as two overarching dimensions (nature of 
science and themes). The content dimension has three areas, which are earth science, 
physical science and life science.  
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Knowing & Doing 
 Fields of Science  
Earth Physical Life 
Conceptual 
Understanding    
Scientific 
Investigation    
Practical Reasoning    
 Nature of Science 
 Themes Systems, Models, Patterns of Change 
Figure 2.13. The 1996 – 2005 NAEP Science Framework Matrix 
(Source: National Assessment Governing Board, 2004, p.24) 
 
The other major organizing dimension in the NAEP science framework was 
knowing and doing science, which defined the processes and skills that the 
assessment items require of students. The three categories of knowing and doing in 
science, for NAEP, were conceptual understanding, scientific investigation, and 
practical reasoning.  
The nature of science included topics relating to the history of science and 
technology, the habits of mind that characterize these fields, and methods of inquiry 
and problem solving. The other overarching dimension, themes, represented the big 
ideas or key concepts that transcend the scientific disciplines and enable students to 
consider problems with broader implications. The three themes are systems, models 
and patterns of change. 
2.5.3 The Trends in International Mathematics and Science Study (TIMSS) 
assessment framework 
The Trends in International Mathematics and Science Study (TIMSS) 
mathematics and science frameworks originated from the frameworks for the Third 
International Mathematics and Science Study (TIMSS) conducted in 1995. The 
frameworks were revised substantially for 2003 from the original framework used as 
the basis for the 1995 and 1999 assessments (Mullis, Martin, Gonzalez & 
Chrostowski, 2004; Mullis et al., 2003). 
The TIMSS 2003 mathematics framework was based on two main organizing 
dimensions, content domains and cognitive domains, as well as an overarching 
dimension of communicating mathematically. 
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Content Domains Cognitive Domains 
Number  
Knowing Facts and Procedures 
Using Concepts 
Solving Routing Problems 
Reasoning 
Algebra  
Measurement  
Geometry  
Data 
Communicating mathematically 
Figure 2.14. The 2003 TIMSS Mathematics Framework  
(Source: Mullis et al., 2004) 
 
The four mathematics cognitive domains identified by TIMMS were: 
knowing facts and procedures, using concepts, solving routine problems, and 
reasoning. There were five broad content domains assessed at both fourth and eighth 
grades: number, algebra, measurement, geometry and data (although at fourth grade 
algebra was called patterns, equations and relationships). Within the content 
domains, the TIMSS framework specified main topic areas and grade-specific 
objectives appropriate for assessment. The TIMSS framework also specified 
communicating mathematically as an overarching dimension that was to be 
demonstrated through description and explanation. This framework is shown in 
Figure 2.14. 
Similarly, the TIMSS 2003 science framework was based on two main 
organizing dimensions: a content dimension and a cognitive dimension, with an 
overarching dimension of scientific inquiry. The TIMSS 2003 science framework 
specifies five content domains: life science, chemistry, physics, Earth science, and 
environmental science.  
The three science cognitive domains used were factual knowledge, 
conceptual understanding, and reasoning and analysis. This framework is shown in 
Figure 2.15. 
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Content Domains Cognitive Domains 
Physics Factual Knowledge 
Chemistry  
Life Science Conceptual Understanding 
Earth Science  
Environmental Science Reasoning and Analysis 
Scientific Inquiry 
 
Figure 2.15. The 2003 TIMSS Science Framework  
(Source: Mullis, et al., 2004) 
 
The TIMSS frameworks have been further refined for use subsequent cycles 
(see, for example, Mullis et al., 2005). 
2.5.4 The Programme for International Student Achievement (PISA) assessment 
framework 
The Programme for International Student Achievement (PISA)’s 2003 
mathematical literacy framework (OECD, 2003) was developed to assess how well 
15-year-olds can use mathematics when confronted with real-world situations. The 
framework had three major dimensions:  mathematical content (expressed in terms of 
overarching ideas in mathematics), mathematical processes (referred to as 
competency clusters) and situations (contexts in which mathematics may be applied). 
All items in PISA were classified with respect to these dimensions. 
The mathematical content assessed in PISA was organised using four 
overarching ideas: quantity, space and shape, change and relationships, and 
uncertainty. While intended to cover most of the mathematics that students would 
normally be exposed to in the school curriculum, this classification was used to avoid 
too detailed a categorisation of content that would work against the use of real-world 
problems.  
In the process dimension, PISA defined three competency clusters: 
reproduction, connections, and reflection. For each competency cluster, the 
framework addressed the abilities and skills associated with the competencies of 
thinking and reasoning; argumentation; communication; modelling; problem posing 
and solving; representation; using symbolic, formal, and technical language, and 
operations; and use of aids and tools.  
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The last dimension, situations or contexts, was where PISA placed a strong 
emphasis on authentic contexts for the use of mathematics, and used tasks that might 
be encountered in real-world situations. Four types of situations, or contexts, were 
defined and used in developing the problems for PISA: personal, 
educational/occupational, public, and scientific. Items in the public category, for 
example, involved problem-solving situations that students might encounter in the 
local community or as a member of society at large.  
The 2003 PISA mathematical literacy framework is shown in Figure 2.16. 
 
Mathematical Content  Mathematical Processes Situations  
(Overarching Ideas) (Competency Clusters) (Contexts) 
Change and Relationships Reproduction Personal 
Quantity Connections Educational/Occupational 
Space and Shape Reflection Public 
Uncertainty  Mathematical 
Figure 2.16. The 2003 PISA Mathematical Literacy Framework  
(Source: Organisation for Economic Co-operation and Development, 2003)  
 
A diagrammatic representation of the competency clusters is shown in Figure 
2.17. 
 
Figure 2.17. The 2003 PISA Mathematical Competency Clusters  
(Source: Organisation for Economic Co-operation and Development, 2003)  
 
The PISA scientific literacy framework for assessment in 2003 had three 
major dimensions: scientific knowledge or concepts (expressed in terms of major 
scientific themes), scientific processes, and situations. All items in PISA were 
classified with respect to these dimensions. 
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The major scientific themes used to assess scientific literacy were: structure 
and properties of matter, atmospheric change, chemical and physical changes, energy 
transformations, forces and movement, form and function, human biology, 
physiological change, biodiversity, genetic control, ecosystems, the Earth and its 
place in the universe, and geographical change.  
The scientific processes used in the 2003 assessment of scientific literacy 
were: describing, explaining and predicting scientific phenomena; understanding 
scientific investigation; and interpreting scientific evidence and conclusions.  
The situations, or areas of application, for the 2003 science assessment were: 
science in life and health, science in Earth and environment, and science in 
technology. 
The PISA assessment was organized into a set of “units”, each dealing with a 
particular problem or issue. The tasks gave students a real-life situation and 
presented a series of questions about it. One or more of the process skills was 
required and some scientific knowledge was also needed. The problem or issue 
called for the students to read some text, a table or a diagram. 
 
Scientific Knowledge  
or Concepts  
 
Scientific Processes 
Situations or Contexts  
(Major Scientific Themes)  (Areas of Application) 
Structure and properties of 
matter 
Describing, explaining and 
predicting scientific phenomena 
Science in life and 
health 
Atmospheric change Understanding scientific 
investigation 
Science in earth and 
environment 
Chemical and physical 
changes 
Interpreting scientific evidence 
and conclusions 
Science in technology 
Energy transformations   
Forces and movement   
Form and function   
Human biology   
Physiological change   
Biodiversity   
Genetic control   
Ecosystems   
The Earth and its place in 
the universe  
 
Geographical change   
Figure 2.18. The 2003 PISA Scientific Literacy Framework  
(Source: Organisation for Economic Co-operation and Development, 2003)  
 
The 2003 PISA scientific literacy framework is shown in Figure 2.18. 
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2.5.5 The International Baccalaureate Organisation’s Primary Years 
Programme Assessment Handbook (2001) 
Assessment is the gathering and analysis of information about student performance. It 
identifies what students know, understand, can do and feel at different stages in the learning 
process. (International Baccalaureate Organisation, 2011, p. 1). 
The Primary Years Programme Assessment Handbook (International 
Baccalaureate Organisation, 2011) states that both formative and summative 
assessment should be part of the learning programs. 
Formative assessment is a part of daily learning and should be designed to 
help teachers and students to find out what the student already knows so that the next 
stage of learning can be planned. Summative assessment is designed so that the 
student can demonstrate what has been learned through a particular program or unit. 
It can include: acquisition of data, synthesis of information, application of knowledge 
and processes. (p. 6). 
It further provides the following dimensions for authentic assessment: 
• Observations: 
• Performance 
• Process-focused 
• Selected responses 
• Open-ended tasks 
• Portfolios 
2.5.6 The Australian Curriculum 
The Australian Curriculum is a national curriculum for students from 
Foundation to Year 12. The Australian Curriculum sets out the core knowledge, 
understanding, skills and general capabilities important for all Australian students. 
The Foundation to Year 10 Australian Curriculum has been developed for a variety of 
learning areas including English, Mathematics, Science, History, Geography, 
Technologies, the Arts, Health and Physical Education and Languages. 
The Australian Curriculum: Mathematics (F-10) (ACARA, 2010) has 
adapted and adopted four of Kilpatrick et al.’s (2001) proficiency strands, namely: 
mathematical understanding, fluency, logical reasoning and problem-solving skills. 
“These capabilities enable students to respond to familiar and unfamiliar situations by 
employing mathematical strategies to make informed decisions and solve problems 
efficiently” (ACARA, 2010). 
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2.5.7 Summary of models of mathematical and scientific capability 
The models of mathematical and scientific capability reviewed in the 
preceding sections illustrate the range of models developed by researchers in order to 
describe capability in mathematics and science, and frameworks proposed for 
assessing these capabilities.  
Kilpatrick et al. (2001) identified five interwoven and interdependent strands 
consisting of conceptual understanding, procedural fluency, strategic competence, 
adaptive reasoning and productive disposition. Various researchers have studied 
these five strands and incorporated them in their research with varying results. Whilst 
they acknowledge that by providing students opportunities in the classroom to 
experience these five strands will assist in promoting students’ mathematical fluency, 
it is difficult to classify student responses under the five strands and also difficult to 
represent all of the five strands in current classroom practice. 
A review of large-scale assessment programmes revealed a difference on 
varying aspects of capability. 
The NAEP assessment framework consists of conceptual knowledge, 
procedural knowledge, problem solving and mathematical power. The TIMSS 
framework consists of knowing facts and procedures, using concepts, solving routine 
problems, reasoning and communicating mathematically. PISA’s framework has 
factual knowledge, conceptual understanding, reasoning and analysis, and scientific 
inquiry.  
Many features are common to the various programmes and the following 
section will present a review of these aspects of capability for mathematics and 
science.  
 
2.6 Synthesizing assessment frameworks and practices 
 
The various assessment programs, described in the previous sections, and 
their assessment frameworks, while all different in detail, have many features in 
common. Most include a factual knowledge aspect, for example, although described 
differently in the various programs. In the area of mathematics there is a problem-
solving aspect that is not included in science. Science appears to be more 
investigative, and the various science programs tend to include a real-life aspect, and, 
as described by NAEP, the nature of science. 
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In order to understand the commonalities across these programs, the elements 
of the assessment framework from the TIMSS, PISA, NAEP and the Victorian AIM 
programs have been categorized and placed in Table 2.4 for mathematics and Table 
2.5 for science. A profile of aspects of capability, across the various projects is 
clearly revealed. 
Table 2.4 
Aspects of mathematical capability in large-scale assessment programs 
 Mathematics program 
Aspect NAEP TIMSS PISA AIM 
Factual 
Knowledge        
Skills and 
Procedures         
Conceptual 
Understanding       
Reasoning or 
Reflection         
Investigation      
Problem Solving         
Literacy      
Communicating        
Analyse       
Connections      
Nature or real life       
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Table 2.5 
Aspects of scientific capability in large-scale assessment programs 
 Science program 
Aspect NAEP TIMSS PISA AIM 
Factual 
Knowledge        
Skills and 
Procedures        
Conceptual 
Understanding        
Reasoning or 
Reflection          
Investigation       
Problem Solving     
Literacy      
Communicating       
Analyse        
Connections      
Nature or real life        
 
In addition to item content, every assessment program employs a range of 
item formats. Table 2.6 shows the different assessment tasks from these four 
different assessment projects. 
As is clear from Table 2.6, all of the above assessment programs included 
multiple choice items, and short answer response, while “hands-on” tasks were only 
included in NAEP and TIMSS. 
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Table 2.6 
Item formats in large-scale assessment programs 
 Mathematics Science 
Item type NAEP TIMSS PISA AIM NAEP TIMSS PISA AIM 
Multiple 
choice                  
Hands-on 
tasks             
Short answer 
response                 
Extended 
response             
 
2.6.1 Aspects of capability 
The term aspects of capability will be used in this thesis to refer to those 
strands or domains or processes identified by various researchers and large-scale 
assessment programs.  
As will be seen in Chapter 4, the term aspects of capability will incorporate 
and adapt some of the “intertwined strands of mathematical proficiency” as referred 
to by Kilpatrick et al. (2001, p. 117) – for example, conceptual understanding, 
procedural fluency, strategic competence, adaptive reasoning and productive 
disposition.   
The term aspects of capability will also incorporate and adapt some of the 
dimensions from NAEP (2004) – for example, reasoning, connections, 
communication, conceptual understanding, procedural knowledge and problem 
solving.  
The term aspects of capability will also incorporate and adapt some of the 
domains from TIMSS (2004). TIMSS identifies a content and cognitive dimension, 
and lists these as including factual knowledge, conceptual understanding, reasoning 
and analysis, communicating mathematically and scientific inquiry. 
Finally the term aspects of capability will incorporate and adapt some of the 
dimensions or processes from PISA (2003). PISA refers to these domains or 
processes as reproduction, connections and reflection (PISA, 2003).  
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2.6 The research focus 
 
This research sits within the IMYMS project, which sought to compare 
mathematics and science learning in the middle years. Part of the project’s purpose 
was to provide an evidenced-based view about the relationship between various 
aspects of student capability within mathematics and science, as well as across 
mathematics and science. 
The literature surveyed clearly shows that mathematical and scientific 
capability is multi-faceted. Unlike many of the assessment programs and projects 
surveyed above, it was clear that the IMYMS project needed a multi-faceted 
approach to its data sources and, consequently, multi-dimensional analysis 
techniques. 
This being the case, my research focuses on developing a model, or 
framework, to help in the development of instruments to assess students’ 
mathematical and scientific capability and to analyse the resulting data from a range 
of sources. This model seeks to explain aspects of capability in mathematics and 
science, and importantly, focus on those aspects that need to be assessed in order to 
claim a valid measurement of the capability, and provide comprehensible reporting of 
the results. 
My research, situated as it is within the IMYMS project, reflects a multi- 
faceted view of student capability, in both mathematics and science, and has access to 
data from a wide range of sources to assess students on these facets. The IMYMS 
project also enabled me to collect additional data, from new sources as required, to 
develop a rich understanding of student capabilities. 
The following chapters include a discussion of the development of a model, 
the research questions and a program for addressing them, as well as the analysis.  
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CHAPTER 3  METHODOLOGY  
 
 The purpose of this study was to investigate the relationship between 
students’ understanding, knowledge, performance in and disposition towards 
mathematics and science. This research was part of a larger project – Improving 
Middle Years Mathematics and Science (IMYMS) – funded by the Australian 
Research Council and the Victorian Department of Education and Training. The 
overall aim of the IMYMS project was to develop a middle years school 
improvement model that took into account the subject cultures of mathematics and 
science and their influence on school and teacher change. The IMYMS project had 
developed components of effective teaching and learning for mathematics and 
science, as well as a strategy for leading change.  
My research aimed to explore the aspects that comprise student capability, 
as identified in the literature, and to investigate the relationship between these 
aspects in each of mathematics and science, and across these two subject areas. As 
part of IMYMS I developed a model of student capability for mathematics and 
science based on the literature reviewed in Chapter 2, the development of which will 
be discussed in Chapter 4. As will be discussed in Chapter 4, the model was tested 
using data from the IMYMS assessment program. Results from the analysis of this 
data are reported in this thesis in Chapter 5 onwards.  
3.1 T h e  r e s e a r c h  q u e s t i o n s  
 
The research questions grew out of the IMYMS Project and my interest in 
issues related to the assessment of students’ different capabilities in the subject 
cultures of mathematics and science. The term aspects of capability will be used in 
this thesis to refer to those “strands” or “domains” or “processes” identified by 
various researchers and used in a number of different large-scale assessment 
programs (see Chapter 2).  
The following five research questions were addressed by my research 
study. 
 
RQ1 What is the relationship between the different aspects of student capability 
within each of mathematics and science? 
This question looked for links between the different aspects of student 
capability in mathematics and in science. For example, do students who perform 
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well on the aspect of Conceptual Understanding in mathematics also perform well 
on Skills and Procedures in mathematics? 
 
RQ2 What is the relationship between corresponding aspects of student 
capability across mathematics and science? 
  
This question sought to identify the strength of any relationships that 
existed between the various aspects of student capability across mathematics and 
science. 
For instance, are students who demonstrate a high level of mathematical 
reasoning equally capable in scientific reasoning? 
 
RQ3 What tools are appropriate to measure the different aspects of student 
capability in mathematics and science? 
 
This question related to finding appropriate assessment practices to use in 
the IMYMS project. Research questions in the IMYMS project included: How can 
students’ conceptual understandings in mathematics and science be assessed 
reliably? and How can students’ ability to work mathematically and scientifically 
be assessed reliably? The identification of “best practice” assessment for each 
aspect of student capability needed to include a review of current “best practice” in 
assessment for large-scale studies. It also involved both instrument development 
and the use of available materials, such as those used in the Third International 
Mathematics and Science Study (TIMSS) (Mullis et al., 2004). 
 
RQ4 How do students and teachers respond to different forms of assessment? 
 
This question probed students’ and teachers’ attitudes towards assessment 
practices that were used within the project. 
 
RQ5 Can we construct a single model of student capability for both 
mathematics and science? 
 
This question focused on validating a single model that represents student 
capability in both mathematics and science. Answering this question involved 
testing whether or not the model of student capability in mathematics could also 
represent student capability in science. 
 57
3 . 2  D i f f e r e n t  r e s e a r c h  p a r a d i g m s  
 
A great diversity of methodologies is available to researchers. All research 
is directed at informing, but it does so in different ways. The five main approaches 
are empiricist or quantitative approaches, interpretive approaches, critical 
approaches, deconstructive or post-structural approaches, and action research. 
These five approaches to research present many differences, some of which are 
outlined below, but some researchers choose to adopt combinations of approaches 
by “borrowing elements from several or creating syntheses which are difficult to 
unpick” (Connole, 1998, p. 21). 
3.2.1 Quantitative research 
According to Robson and Ball (1998) “quantitative research methods are 
employed in attempts to establish general rules or principles. … The main 
strengths lie in precision and control. Control is achieved through sampling and 
design, precision through quantitative and reliable measurement” (p. 28). 
In this approach, a research project begins by posing the problem. This is 
then followed by specifying the nature of the problem, leading the researcher to 
form a hypothesis, thus making clear the nature of the relationship between the 
variables (Robson & Ball, 1998, p. 28). Data collection is similar to that in other 
approaches, but the data need to be quantifiable. A quantitative approach involves 
developing the problem into a hypothesis, stated in a form that can be tested or 
measured in some way. The data is gathered in a similar way to a qualitative 
approach; by controlled observation and having the subjects participate in written 
and performance tasks, with the data generated quantified in some way. 
Quantitative research can be viewed as “the numerical representation and 
manipulation of observations for the purpose of describing and explaining the 
phenomena that those observations reflect” (Babbie, 1983, p. 537) as opposed to a 
qualitative approach, which is “ the non-numerical examination and interpretation 
of observation for the purpose of discovering underlying meanings and patterns of 
relationships” (p. 537). Statistical analysis of the data is used to either accept or 
reject the hypothesis. 
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3.2.2 Qualitative research 
Sherman and Webb (cited in Ely, 1991) identified six characteristics of 
qualitative research in the works of leading qualitative researchers. These 
characteristics are: 
• Qualitative researchers immerse themselves in the setting. 
• The contexts of inquiry are not contrived; they are natural. 
• Qualitative research is an interactive process in which the persons 
studied teach the researcher about their lives. 
• Qualitative researchers attend to the experience as a whole, not 
as separate variables. 
• There is no one general method of qualitative research. 
• For many qualitative researchers the process entails appraisal about 
what was studied. (Ely, 1991, p. 4). 
 
Data collection in a qualitative approach can consist of surveys, 
observations, interviews, questioning, keeping logs, audio recording or 
videotaping. For example Ely (1991, p. 41) observes that “ethnographic research 
requires attentive observation, empathetic listening and courageous analysis”. 
Interpretive approaches include “phenomenology, symbolic interactionism, 
ethnography and history” (McTaggart, 1998, p. 3). The interpretive approach “has 
the aim of understanding experience as nearly as possible as its participants feel it 
or live it” (Ely, 1991, p. 5). 
3.2.3 Mixed methods research 
A mixed methods research design is a procedure for collecting, analysing, 
and mixing both quantitative and qualitative data in a single study to explore a 
research problem. The qualitative component of a mixed methods approach uses 
information such as field notes, questionnaires, interviews and open-ended 
questions. The quantitative component uses quantitative data based on exact 
measurements such as close-ended items, producing statistical data to be analysed. 
According to Gorard (2004), mixed methods research has been identified as 
a “key element in the improvement of social science, including education 
research” (Gorard, 2004, p.7) with research strengthened by the use of a variety of 
methods. Gorard argues that mixed methods research 
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requires a greater level of skill, can lead to less waste of potentially useful information, 
creates research with an increased ability to appropriate criticisms of all types of research 
and often has greater impact because figures can be very persuasive to policy makers 
whereas stories are more easily remembered and repeated by them for illustrative 
purposes. (p. 7) 
Creswell (2005) described mixed methods research as a form of 
methodological triangulation and identified four key areas: priority, 
implementation, integration and theoretical perspectives. “Priority” suggests the 
need to decide whether qualitative or quantitative research will be the dominant 
paradigm. “Implementation” refers to the need to ensure that a clear sequence of 
research methods is prepared. “Integration” refers to the ways in which different 
types of data will be handled or and combined. “Theoretical perspectives” suggests 
the need to be clear and explicit about the ideas behind the research (Creswell, 
2005). 
The combination of quantitative and qualitative data in mixed methods 
research allows the possibility of combining the strengths of the two methods and 
compensating for the weaknesses. “Qualitative data illuminate the meaning of the 
statistical results by adding a narrative understanding to quantitative research 
findings” (Hesse-Biber, 2010, p.6). 
According to Punch (2009) quantitative research can bring the strengths of 
“conceptualizing variables, profiling dimensions, tracing trends and relationships, 
formalizing comparisons and using large representative samples” (Punch, 2009, 
p.290). Qualitative research “brings the strengths of sensitivity to meaning and to 
context, local groundedness, the in-depth study of smaller samples, and great 
methodological flexibility which enhances the ability to study process and change” 
(p. 290). 
3.2.4 Critical research 
Critical research “seeks to explain why it is that particular meanings have 
importance in the social or educational context which has been studied … and how 
the distribution of power shapes the way in which the world is understood” 
(McTaggart, 1998, p. 3). 
A critical approach to a research question could involve similar data 
gathering to an interpretive approach, but the main emphasis would be on the 
social context – the way people think and the way society operates. According to 
Cherryholmes (1993, p. 11), “when it comes to what knowledge students learn, 
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critical educators attempt to disclose the underlying arrangements of social and 
political power and their justifying ideologies”. 
According to Somekh and Lewin (2005), a critical approach leads to 
“emancipatory” action research, which involves group reflection and action to 
“emancipate” the participants in the action. 
3.2.5 Post-structural approach 
A deconstructive or post-structural approach is referred to by McTaggart 
(1998) as “nothing more than an enactment of power relations, legitimating and 
forging power distributions rather than moving towards some truth or even some 
less distorted view of the world which can be captured in language” (p. 3). A post- 
structural process for collecting data will involve different methods to those used 
by other researchers. Whilst the post-structuralist adheres to what the subjects are 
saying, writing and doing, she will also be interested in the hidden discourses: “if 
you want to be profound, attend profoundly to the surfaces and pot-holes of 
discourses” (Somekh & Lewin, 2005, p. 313). 
3.2.6 Action research 
Action research “involves people in deliberately changing their own action 
in the light of collective reflection on the failings of current education work and 
previous attempts to change” (McTaggart, 1998, p. 4). An impetus for change or 
innovation is the driving force behind action research by expanding the subjects’ 
understandings of social processes to bring about some change or improvement. 
Action research can be seen to develop in different ways inside various 
social groups and is very closely linked to the concept of “reflective practice” 
(Somekh & Lewin, 2005, p. 91). 
3.3 Choosing a research approach 
 
Bassey (1999, p. 39) defines educational research as “critical enquiry aimed 
at informing educational judgments and decisions in order to improve educational 
action”. In a similar vein, Cohen, Manion and Morrison (2007) acknowledge that 
“educational research, politics and decision making are inextricably intertwined” 
(p. 5). 
Educational research, according to Cohen et al. (2007), is the “application 
of the principles of a science of behaviour to the problems of teaching and learning 
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within the formal educational framework and to the clarification of issues having 
direct and indirect bearing on these cases” (p. 48). 
Kaplan suggests that the “aim of methodology is to help us understand, in 
the broadest possible terms, not the products of scientific inquiry but the process 
itself” (Cohen et al, 2007, p. 47). 
Merton and Kenall (1946) are of the same opinion: 
Social scientists have come to abandon the spurious choice between qualitative and 
quantitative data: they are concerned rather with that combination of both which makes 
use of the most valuable features of each. The problem becomes one of determining at 
which points they should adopt the one, and at which the other approach. (Merton & 
Kendall 1946) 
The overall aim of the IMYMS project was to develop a middle years 
school improvement model that took account of subject cultures – in this case 
mathematics and science – in influencing school and teacher change. Action 
research was a major emphasis in the IMYMS project. Specifically, the IMYMS 
project investigated the extent to which the SIS model (Deakin University, 2003a) 
could be used to improve the teaching and learning of middle school mathematics. 
The project also investigated the extent to which effective pedagogies in 
mathematics and science could be monitored, ways in which higher-order learning 
outcomes in mathematics and science could be reliably assessed, and links 
between teachers’ pedagogies in mathematics and science. The project included 
the collection and analysis of large amounts of data from teachers (the component 
mapping data) and students (surveys of students’ attitudes, perceptions of 
classroom practice, and learning preferences, as well as the assessment data which 
formed a major part of my research). 
While data collected from the IMYMS student assessments and surveys 
were used to support teacher reflection, the main focus of my research was an 
analysis of the IMYMS data in terms of links between the different aspects of 
student capability in mathematics and science, uncovering any relationships 
between student learning in mathematics and science, employing appropriate tools 
to assess the multiple aspects of students’ learning, and determining whether the 
model of student capability put forward captured all aspects of student capability in 
mathematics and science. 
 The methodology and methods used in my research were largely 
predetermined by the IMYMS project research design, with my research 
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contributing to the development of appropriate assessment instruments and adding 
a more qualitative dimension through the collection and analysis of interview data 
from teachers and observations of, and comments from, students regarding features 
of the assessment program in order to answer Research Question 4. 
As part of the IMYMS project, a student survey was developed to assess 
students’ perceptions of classroom practice, learning preferences, and dispositions 
towards mathematics and science. The survey instrument used a Likert scale with 
60 items, as shown in Appendix 1. As will be discussed in Chapter 4, data from the 
nine items related to attitude (i.e. student disposition) will be relevant to my study. 
As the remaining research questions focus on relationships between aspects 
of student learning, and the relationship between these aspects within mathematics 
and science, data needed to be collected to provide measures of students’ 
attainment on these aspects. The theoretical framework I developed from the 
literature (see Section 4.1) was used to help frame the written and performance 
assessments used in the IMYMS project. 
Student achievement was assessed through a written assessment that 
included multiple-choice and open-response questions. The achievement questions 
addressed understandings and reasoning in mathematics and science, but not 
simple recall of curriculum content, as this aspect of knowledge was believed to be 
best done by individual classroom teachers. See Appendix 5 and 6 for an example 
of a science and mathematics assessment. 
In line with current practice, described in the literature, and as exemplified 
by TIMSS, students’ skills, processing and problem solving were assessed through 
performance assessment in both mathematics and science. After considering 
possible alternatives, it was decided to use the performance assessment tasks from 
TIMSS 1995 (Harmon, et al., 1997) – see Appendix 7 for three examples of 
TIMSS performance assessment tasks. 
Although the data for the IMYMS project were mainly quantitative and 
were collected using surveys, written assessments, and performance assessments, 
qualitative data were also collected through my observation and field notes. 
Students’ work was also collected and I held interviews with teachers and 
students. These data were analysed using an interpretive approach, because, as 
Mousley and Kortman (1998) claim “the aim is to capture internal realities that 
people have constructed” (p. 45). These data were examined for common themes 
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in the responses, particularly where these linked to aspects of the quantitative data. 
The field notes were used to support the teacher and student qualitative data. 
Consequently, my approach to answering the research questions can best be 
described as a mixed methods approach. That is to say, the attitude surveys, 
achievement assessment, and performance assessment data were analysed using 
strictly quantitative methods, while the interview and field notes data were 
analysed using an interpretive method. 
The methodology I have selected is, I believe, the most appropriate one to 
answer the research questions. This research used a combination of methods as 
appropriate to the study in order to answer the research questions and these will be 
described in more detail in the following chapter. Applying these characteristics to 
the research questions that have been generated, this study fits within the 
qualitative and quantitative framework as mixed methods research. 
3.4 Issues in conducting research in a school setting 
 
Ethics is the systematic study of value concepts – “good”, “bad”, “right”, “wrong” – and 
the general principles that justify applying these concepts. (Sieber, 1992, p. 3) 
 
Ethics is concerned with perspectives on right and proper conduct. (Israel & Hay, 2006, 
p. 12) 
 
This research was carried out as part of the IMYMS project, for which 
Deakin University and Department of Education and Training (DE&T) ethics 
approval had been obtained. 
Researchers in education have a responsibility to ensure that their research 
is conducted in an ethical manner. The application of ethical principles usually 
involves the consideration of certain key aspects of any research proposal, to 
which all researchers must adhere. 
Whilst I will discuss the research methodologies used in more detail later in 
this methodology chapter, it is worthwhile mentioning here some of the issues 
facing those conducting research within a school workplace. These include: 
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Role of the researcher 
As Hitchcock and Hughes (1989) observe: 
Doing participant observation or interviewing one’s peers raises ethical problems that are 
directly related to the nature of the research technique employed. The degree of openness 
or closure of the nature of the research and its aims is one that directly faces the teacher 
researcher. (Hitchcock & Hughes, 1989, cited in Cohen et al., 2007, p.69) 
Maintaining an objective distance to the research data can be difficult if one 
is also working within the organization. However it has been revealed that 
practical inquiry undertaken by educators is more likely to lead to classroom 
change than is formal research conducted by research specialists (Richardson, 
1994). 
Participants 
The participants in the study were the members of the various schools 
involved in the IMYMS Project: school leaders, teachers and students. 
 During Term 3 of 2003, the Department of Education and Training called 
for expressions of interest for clusters to be involved in the IMYMS Project – at 
that time, the Department was funding small groups of schools, typically 
consisting of one or two secondary and four or five nearby primary schools to 
collaborate on projects involving some research. Four clusters that had expressed 
interest were selected to make IMYMS their research focus. Each cluster had one 
or two secondary schools and a number of primary schools (see Appendix 9 for a 
list of clusters and schools within each cluster). These clusters had funding from 
the Victorian Innovation and Excellence initiative to employ a full time Cluster 
Coordinator to manage and guide middle years initiatives (of which IMYMS was 
one) and funds for teacher release for planning and professional development. In 
addition to the Cluster Coordinators, each participating school had an IMYMS 
School Coordinator to coordinate the collection of data and help support cluster 
and school initiatives. 
The students involved in the project came from the Years 6 and 8 
mathematics and science classes from the relevant clusters. All students in these 
classes completed the attitudinal surveys and the written and performance tasks but 
the resulting data was not used in the analysis section if their consent had not been 
obtained. 
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Consent 
The process where a participant in research is said to have been informed of all potential 
risks and benefits before giving their consent. (Kervin, Vialle, Herrington, & Okely, 2006, 
p. 5) 
A plain language statement and teacher and parental consent were required 
in order to ensure that teachers and students were clear about the intended 
outcomes of the research study. The informed consent and cooperation of all 
students taking part in the project was sought and their written consent was 
obtained, in agreement with Fire and Sandstrom, (1988): 
Our feeling is that children should be told as much as possible, even if some of them 
cannot understand the full explanation. Their age should not diminish their rights, 
although their level of understanding must be taken into account in the explanations that 
are shared with them. (Fire & Sandstrom, 1988, p.46) 
Access to confidential information 
The ethical considerations involved in this research study related to student 
and teacher confidentiality, as potentially the results of these could impact on 
teachers if the results were disclosed. Several ways of achieving anonymity as 
listed by Frankfort-Nachmias and Nachmias (1992), such as the use of codes for 
identifying people and schools, have been used in this project. “The researcher is 
aware of the identity of the participants but does not reveal their identity in 
reporting data” (Kervin et al, 2006, p. 5). 
All data was de-identified and stored in a secure location at Deakin 
University for seven years as required. Students’ results were revealed only to 
individual teachers. 
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CHAPTER 4  THE RESEARCH PROCESS 
 
This chapter describes the research approach, the setting, and the procedure 
of this study. It begins with a description of the way in which the literature review 
guided the development of the selection of the student capabilities. Considerations 
related to the selection of the written items and how the tests were constructed and 
scored are discussed. The final section of this chapter provides details of the 
analysis of the data sources used in the study. 
 
4.1 An introduction to my research study 
 
As discussed in Section 1.1, the Improving Middle Years Mathematics and 
Science (IMYMS) project was based on a teacher component mapping process 
using the IMYMS Components of Effective Teaching and Learning and a school 
improvement strategy of action research in response to both the component 
mapping process and feedback from a range of student assessment data. Research 
design is governed by the notion of “fitness for purpose” (Cohen et al., 2007, p. 
54). The design of the project included components developed by the IMYMS 
project team and also incorporated features of those used in past studies such as the 
Middle Years Pedagogy Research and Development project (MYPRAD), Science 
in Schools (SIS) and the Third International Mathematics and Science Study 
(TIMSS). 
The overall aim of the IMYMS project was to develop a middle years 
school improvement model that takes account of subject cultures – in this case 
mathematics and science – in influencing school and teacher change. The project 
also investigated ways in which effective pedagogies in mathematics and science 
can be monitored; ways in which higher-order learning outcomes in mathematics 
and science can be assessed reliably; and links between teachers’ pedagogies in 
mathematics and science. 
The project worked with over 30 schools in four clusters to support them in 
planning for and implementing change. A framework describing effective 
mathematics and science pedagogies was developed, and used as the basis for 
auditing procedures that track classroom practice. Instruments were developed and 
used to probe: students’ perceptions of classroom practice and learning 
preferences; knowledge outcomes; reasoning in science and mathematics; 
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understanding of the nature of science and mathematics; and performance skills in 
mathematics and science investigations. Data sources also included questionnaires, 
interviews, school reports, and field notes. Video data was also collected and used 
for stimulated recall interviews concerning teacher beliefs and practices. In my 
role in the IMYMS project, I was part of the team responsible for the creation of 
the written assessments, the construction of the performance assessment, which 
was based on the TIMSS Performance Assessment, and administering the 
assessment tasks to all students within the schools. 
A significant program of assessment was undertaken in the IMYMS 
project, focusing on a range of aspects of student capability that included Factual 
Knowledge, Skills and Procedures, Conceptual Understanding, Reasoning, 
Inquiry, Productive Disposition, and the Nature of Mathematics and Science. The 
purpose of the IMYMS assessment program was to collect data relating to student 
achievement,  performance, and attitudes in mathematics and science, and relate 
these to teachers’ effectiveness as measured by the IMYMS components of 
effective teaching and learning. In my study, I also used these data to investigate 
the relationship between different aspects of student capability in and across the 
two subject areas. 
4.1.1 Review of the Research Questions 
The research questions driving my study related to the range of aspects of 
student capability in mathematics and science, and the relationships between these 
aspects in and across the two subject areas. These questions, which were discussed 
in Chapter 3, are listed here for convenience: 
 
RQ1 What is the relationship between the different aspects of student 
capability within each of mathematics and science? 
 
RQ2 What is the relationship between corresponding aspects of student 
capability across mathematics and science? 
 
RQ3 What tools are appropriate to measure the different aspects of student 
capability in mathematics and science? 
 
RQ4 How do students and teachers respond to different forms of assessment? 
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RQ5 Can we construct a single model of student capability for both 
mathematics and science? 
4.1.2 Review of the Data Sources 
The sources of the student data in the IMYMS project were; 
• a student survey, in each of mathematics and science, completed 
by all participating students in Years 5 to 9 in each of the years 
2004 and 2005 (N = 1500 students); 
• written assessments in each of mathematics and science, 
completed by all participating Year 6 and Year 8 students at the 
beginning and end of 2005 (N = 1500 students); 
• performance assessments completed by approximately six 
students from each of the Year 6 and Year 8 classes during term 3 
in 2005 (N = 700 students). 
 
My data also included observations of some students during the 
performance assessments, as well as interviews about the performance assessment 
with a small sample of students (N = 20) and teachers (N = 10). 
The development and use of these data sources and the proposed analysis 
of the resulting data will be discussed later in this chapter. However the chapter 
begins with a section on the development of the framework of student capability 
used in the research. 
4.2 Developing a framework of student capability 
 
Assessment in mathematics and science has often concentrated on so-called 
traditional tests, usually pencil-and-paper, timed tests, which emphasize recall of 
simple facts. Darling-Hammond, Ancess and Falk (cited in Brady & Kennedy, 
2001, p. 25) claim that standardized testing: required students to provide “correct 
answers, failed to assess student ability to think deeply; promoted a narrow 
curriculum; and did not provide useful diagnostic information about how the 
student approaches tasks or solves problems”. Many schools still put an emphasis 
on this type of assessment and many teachers resist expanding the range of their 
assessment practice to include features such as practical work, student observation, 
open-ended tasks or portfolios, to name a few. If the curriculum and assessment 
innovations promoted by the national statements (see, for example, Victorian 
Curriculum and Assessment Authority, 2005; 2009) and other key papers 
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discussing reform agenda for Government schools – for example, the Blueprint for 
Government Schools, (Department of Education and Training, 2003) – are to be 
supported, there is a need for assessment that not only provides good information 
to support decision making for the student and the school system, but also helps to 
improve student achievement on a wider range of learning outcomes. 
In April and May of 2003, discussions centred on school improvement, 
curriculum reform, professional and workforce development, and innovation and 
excellence led the Minister of Education to deliver a speech calling for reform of 
the education system. This in turn led to the publication by the Victoria 
Department of Education and Training (2003) of a statement outlining three 
directions for reform, one of these being to improve student assessment. 
In 1993, the National Research Council proposed, among several principles 
for assessment, the Learning Principle, “Assessment should enhance mathematics 
learning and support good instructional practice” (National Research Council, 
1993, p. 33). 
Glaser and Silver (1994) argue that changes in assessment practices offer new 
opportunities for student learning: 
Closer ties between assessment and instruction imply that the nature of the performances 
to be assessed and the criteria for judging those performances will become more apparent 
to students and teachers …. As performance criteria become more openly viable, 
students will become better able to judge their own performance without necessary 
reference to the judgments of others. Instructional and assessment situations will provide 
coaching and practice in ways that help students reflect on their performances. 
Occasions for self- assessment will enable students to judge their own achievement and 
develop self-direction toward higher achievement goals. (p. 413) 
The following is a brief description of some models that have been 
identified in the literature in an attempt to describe capability (also referred to as 
proficiency) in mathematics and science, and include frameworks proposed for 
assessing such capability for mathematics and science. 
Kilpatrick, Swafford and Findell (2001) suggest that mathematical 
proficiency has the following five strands: 
• conceptual understanding – comprehension of mathematical concepts, 
operations and relations; 
• procedural fluency – skill in carrying out procedures flexibly, accurately, 
efficiently and appropriately; 
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•  strategic competence – ability to formulate, represent, and solve 
mathematical problems; 
• adaptive reasoning – capacity for logical thought, reflection, explanation 
and justification; and 
• productive disposition – habitual inclination to see mathematics as 
sensible, useful, and worthwhile, coupled with a belief in diligence and 
one’s own efficacy. 
(Kilpatrick, et al., 2001, p. 116) 
 
They also believe that these strands are “interwoven and interdependent” as 
shown in Figure 4.1. 
 
Figure 4.1.  Intertwined strands of mathematical proficiency  
(Kilpatrick et al., 2001, p. 117)  
 
While the Kilpatrick et al. (2001) model is representative of perspectives on 
the goals of teaching and learning in mathematics, it also represents a possible 
framework for assessment of learning. 
The literature surveyed in Chapter 2 clearly shows that mathematical and 
scientific capabilities are multi-faceted. Unlike many of the assessment programs 
and projects surveyed, it was clear that the IMYMS project required a multi-
faceted approach to its assessment program. In particular, the IMYMS project 
sought to develop and assess students’ higher-order thinking and learning. 
The various assessment programs, described in Chapter 2, and their 
assessment frameworks, while all different in detail, have many features in 
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common. For example, most include a Factual Knowledge aspect, although this is 
described differently in the various programs. The Program for International 
Student Assessment (PISA) is a system of international assessments that measures 
15-year- olds’ capabilities in reading literacy, mathematical literacy and scientific 
literacy. The PISA framework of “literacy” is an internationally agreed upon 
framework that is defined as “the capacity of students to apply knowledge and 
skills and to analyse, reason and communicate effectively as they pose, solve and 
interpret problems in a variety of situations” (OECD, 2004, p. 23).  PISA defines 
mathematical literacy as “an individual’s capacity to identify and understand the 
role that mathematics plays in the world, to make well-founded judgments and to 
use and engage with mathematics in a way that meets the needs of that individual’s 
life as a constructive, concerned, and reflective citizen” (OECD, 2003, p. 24). 
PISA also assessed students’ abilities in problem solving in 2003, defining 
problem solving as “an individual capacity to use cognitive processes to confront 
and resolve real, cross- disciplinary situations where the solution is not 
immediately obvious, and where the literacy domains or curricular areas that might 
be applicable are not within a single domain of mathematics, science, or reading” 
(OECD, 2003, p. 156). Scientific Literacy was defined as “the capacity to use 
scientific knowledge, to identify scientific questions and to draw evidence-based 
conclusions about the natural world and the changes made to it through human 
activity” (OECD, 2003, p. 27). 
The NAEP Science Assessment provides a snapshot view of what the 
nation’s 4th, 8th, and 12th graders know and can do in science. The framework 
addresses scientific knowledge and processes. “Science is a way of knowing about 
the natural world based on tested explanations supported by accumulated empirical 
evidence. Explanations of natural phenomena that rely on non-scientific views are 
not reflected in the framework” (NAGB, 2008, p. 2). Although the framework 
distinguishes content from practice, the two are closely linked in assessment as in 
science itself. 
In science, NAEP has a similar feature to PISA, referred to as the nature of 
science which includes topics relating to the history of science and technology, the 
habits of mind that characterize these fields and methods of inquiry and problem 
solving. However, in the area of mathematics there is a problem-solving aspect that 
is not included in science. The mathematics assessment framework examines 
mathematical abilities, (conceptual understanding, procedural knowledge, and 
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problem solving) and mathematical power (reasoning, connections and 
communications). 
 The IEA’s Trends in International Mathematics and Science Study 
(TIMSS) provides valuable information about students’ mathematics and science 
achievement in an international context. The advanced mathematics assessment 
framework for TIMSS (TIMSS & PIRLS International Study Center, 2011), is 
organized around two dimensions: a content dimension specifying the domains or 
subject matter to be assessed within mathematics (i.e., algebra, calculus, and 
geometry) and a cognitive dimension specifying the domains or thinking processes 
to be assessed (i.e., knowing, applying, and reasoning). The cognitive domains 
describe the sets of behaviours expected of students as they engage with the 
mathematics content. 
The science assessment framework for TIMSS 2011 consists of a content 
dimension specifying the subject matter domains to be assessed within science (for 
example, biology, chemistry, physics, and earth science at the eighth grade) and a 
cognitive dimension specifying the cognitive domains or skills and behaviours 
(that is, knowing, applying, and reasoning) expected of students as they engage 
with the science content. 
The TIMSS assessment frameworks believes “scientific inquiry should be 
assessed in the context of one or other of the TIMSS science content domains and 
drawing upon the full range of skills and behaviours specified in the cognitive 
domains” (TIMSS & PIRLS International Study Center, 2011, p. 51). 
Table 4.1 
Aspects of mathematical capability assessed by selected large-scale assessment 
programs 
 
 
 
Aspect NAEP TIMSS PISA 
Factual Knowledge      
Skills and 
Procedures       
Conceptual 
Understanding 
      
Reasoning        
Investigation    
Problem Solving       
Communicating       
Making Connections     
Nature of 
Mathematics  
   
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In order to understand the commonalities across these international 
assessment programs, the elements of the assessment framework from each 
program were categorized as shown in Table 4.1 for mathematics and Table 4.2 for 
science. A profile of aspects of capability assessed by the various projects is 
clearly revealed. 
Table 4.2 
Aspects of scientific capability assessed by selected large-scale assessment programs 
Aspect NAEP TIMSS PISA 
Factual Knowledge    
Skills and 
Procedures    
Conceptual 
Understanding 
   
Reasoning     
Investigation    
Problem Solving    
Communicating    
Making Connections    
Nature of Science    
 
The National Science Education Standards (National Research Council, 
1996) presents a vision of assessment that reflects: 
• Assessing what is more highly valued. 
• Assessing rich, well-structured knowledge. 
• Assessing scientific understanding and reasoning. 
• Assessing to learn what students do understand. 
• Assessing achievement and opportunity to learn. 
• Students engaged in ongoing assessment of their work and that of others. 
• Teachers involved in the development of external assessments. 
 
The National Research Council (1996, p.82) states that “rather than checking 
whether students have memorized certain items of information, assessments need to 
probe for students’ understandings, reasoning, and the utilization of knowledge”. 
Further the NRC called for assessments that engaged students in inquiry; that 
required students to use knowledge to make personal decisions and to take and 
support positions on societal issues; and for students to communicate science to 
others. These changing emphases in assessment call for new frameworks to plan and 
implement classroom-based science assessments. 
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My research sought to develop a model, or framework, to help in the 
development of instruments to assess the full range of students’ mathematical and 
scientific capabilities. This model sought to reflect the best thinking about 
knowledge, skills and competencies needed for a high degree of understanding in 
mathematics and science. The framework also sought to identify the aspects of 
capability, and importantly, focus on those aspects that needed to be assessed in 
order to claim a valid measurement of capability, and provide comprehensible 
reporting of results. From the literature review and established assessment programs, 
seven common aspects that contribute to student capability were identified. These are 
described in Table 4.3. 
Table 4.3  
Seven aspects of student capability in mathematics and science 
Aspects Description  
Factual Knowledge Knowledge of mathematical and scientific facts 
and procedures. 
Skills and Procedures The skills involved in carrying out mathematical 
and scientific procedures. 
Conceptual Understanding The comprehension of mathematical and 
scientific concepts, operations and relations. 
Reasoning The capacity for logical thought, reflection, 
explanation and justification. 
Inquiry The capacity to design and implement 
mathematical and scientific investigations and 
problem solving processes. 
Nature of Mathematics and Science An understanding of how knowledge claims are 
established, and the contexts and ways in which 
mathematics and science are applied. 
Productive Disposition To see a sense in mathematics and science, to 
perceive it as both useful and worthwhile, and to 
see oneself as an effective learner and doer of 
mathematics and science. 
 
These seven aspects have been adapted from the Kilpatrick et al.’s (2001) 
framework. They have not previously formed the basis for the assessment of student 
capability in both mathematics and science. Whilst large assessments programs such 
as NAEP, TIMSS and PISA identified similar aspects of capability in mathematics 
and science, they had not integrated these seven aspects of capabilities into one 
theoretical framework for use in both mathematics and science. This research will 
explore whether these aspects are intertwined and whether the same seven aspects 
can be applied to both mathematics and science. 
Mathematics and science were combined as we were examining whether 
these seven aspects of student capability could be represented in a single framework. 
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This was a hypothetical framework that was derived from various larges scale 
assessment projects and assessment frameworks devised by other researchers.  
By combining mathematics and science in a single framework it may give us 
some closer scrutiny into what these capabilities stand for and what they actually 
mean and whether they are related or different in meaning. 
 
Figure 4.2. Seven aspects of student capability in mathematics and science 
 
Thus the theoretical framework for student capability in mathematics and 
science that I proposed for the purposes of this study was based on current 
frameworks in mathematics and science and Kilpatrick et al.’s (2001) framework. 
These seven aspects, as shown in Figure 4.2, were used for both mathematics and 
science.  
The next stage in the project was to develop a program to measure each 
aspect of student capability. 
 
 
Productive 
Disposition 
Nature of 
Mathematics 
and Science 
Inquiry Reasoning 
 
Conceptual 
Understanding 
 
Skills and 
Procedures
 
 
Factual 
Knowledge
 
Mathematics 
and Science 
Framework 
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4.3 Measuring student capability 
 
A substantial program of assessment was undertaken as part of the IMYMS 
research project, focusing on a variety of aspects of student learning and engagement 
in mathematics and science. The IMYMS change model had two major features: 
• the IMYMS Components of Effective Teaching and Learning – a 
framework of effective middle years teaching and learning in 
mathematics and science (see Appendix 10); and 
• the IMYMS Strategy – a process by which schools and clusters could 
improve their teaching and learning in the middle years. 
 
A number of instruments were developed and used in the IMYMS project. 
The three major sets of instruments were: 
• The IMYMS Component Mapping Process – this process, which 
enabled teachers to rate both their practice for each sub-
Component, and the importance they attached to each sub-
Component, on a scale of 1 to 5. 
• The IMYMS Student Survey – this survey, which was administered 
to all students in 2004 and 2005, included a section on students’ 
perceptions of classroom practice and attitudes towards 
mathematics and science, and a section on students’ learning 
preferences. Students completed separate, parallel surveys for 
mathematics and science. 
• The IMYMS Student Assessment Program – this program, which 
consisted of written and performance assessments in mathematics and 
science, was used with Year 6 and Year 8 students in 2005. The 
teachers involved in the Performance Assessment were also 
interviewed and observations were recorded during the assessment 
process. 
 
As stated above, the seven aspects of students’ capability – Factual 
Knowledge, Skills and Procedures, Conceptual Understanding, Reasoning, 
Inquiry, Productive Disposition, and the Nature of Mathematics and Science – 
were derived from the various large scale international assessment programs such 
as TIMSS, NAEP and PISA and from the Kilpatrick et al.’s (2001) model of 
mathematical proficiency. Whilst the international programs use separate 
frameworks to represent mathematics and science, I was exploring the notion of 
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whether these aspects can be assessed independently and also whether a single 
framework of student capability can be used to represent the subject cultures of 
both mathematics and science. The research examines the extent to which these 
capabilities are independent of each other or interwoven as viewed by Kilpatrick et 
al. (2001). 
Kilpatrick identified mathematical proficiency as having five strands – 
Conceptual Understanding, Procedural Fluency, Strategic Competence, Adaptive 
Reasoning, and Productive Disposition. “The most important observation we make 
about these five strands is that they are interwoven and interdependent” (2001,  
p. 22). 
In comparison TIMSS (2006) identified three cognitive domains that were 
used to develop the assessment of students’ achievement. These were knowing – 
this include the facts, procedures and concepts students need to know, applying – 
which focused on the ability of students to make use of the knowledge to select 
and create models and solve problems and the third domain reasoning - the ability 
to use analytical skills, to generalize and apply mathematics to unfamiliar or 
complex contexts. (Garden et al., 2006). TIMSS developed items that addressed 
each of the three cognitive domains independently. 
In Australia, the National Curriculum Board’s (2009) The Shape of the 
Australian Curriculum: English, Mathematics, Science and History contained 
foundational documents that have guided the development of the Australian 
curriculum for each learning area in the first phase. It proposed that the national 
mathematics curriculum use the four proficiency strands of Understanding, 
Fluency, Problem Solving, and Reasoning, adapted from the recommendations in 
Adding it Up (Kilpatrick, Swafford, & Findell 2001), to elaborate expectations for 
these actions. 
These proficiency strands have been adopted in the Australian Curriculum: 
Mathematics (Australian Curriculum, Assessment and Reporting Authority, 2010), 
which “focuses on developing increasingly sophisticated and refined mathematical 
understanding, fluency, logical reasoning, analytical thought and problem-solving 
skills. These capabilities enable students to respond to familiar and unfamiliar 
situations by employing mathematical strategies to make informed decisions and 
solve problems efficiently”. 
The framework developed at the National Institute of Education in Singapore 
adopted for portraying the school mathematics curriculum (Dindyal, 2005) used a 
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pentagon with mathematical problem solving in the centre, and the five sides were 
concepts, skills, processes, metacognition, and attitudes (see Figure 4.3). 
 
 
Figure 4.3. The Singapore mathematics curriculum framework – pentagon model 
 
This framework has some close resemblances across the components with 
the Kilpatrick et al. (2001) model of mathematical proficiency. 
A study by the National Academy of Science (Duschl, Schweingruber, & 
Shouse, 2007) also displayed a similar set of characteristics of proficiency in 
science to those of Kilpatrick et al.’s (2001) model for mathematics. The study 
listed four characteristics of proficiency in science. 
 
A student with proficiency in science 
• Knows and can apply major scientific ideas  
• Can collect and analyse data (experiments and observations)  
• Understands science as a way of knowing (and can apply this to their own thinking)  
•  Can participate effectively in scientific practices (argue from evidence, design tests of 
an idea, formulate testable questions, write and draw diagrams to illustrate and explain 
one’s thinking and record one’s investigations, read about science and interpret the 
written text effectively, gather information from a variety of resources, use technology 
as appropriate, etc.) (Duschl, Schweingruber, & Shouse, 2007, p. 36). 
 
Kilpatrick and Quinn (2009) acknowledged that the components in 
mathematics and science “are not identical, but they are all based in research on 
learning, and … all of the strands should be interwoven in an instructional system 
throughout curricula used for teaching and learning” (p. 3). 
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These large-scale assessment projects and assessment frameworks formed the 
basis for the development of my framework consisting of seven aspects of student 
capability across mathematics and science. 
Measurement of these seven aspects of students’ capability involved a 
number of different assessment approaches. These different approaches were 
intended to focus on how students use these seven aspects to meet real life 
challenges, rather than the degree to which they have mastered a specific curriculum 
objective.  
For my purposes, I used various instruments and elements of the IMYMS 
project in order to measure the cognitive aspects of student capability, as well as their 
attitudes, and performance on practical tasks. Figure 4.4 illustrates the aspects of 
students’ capability and the measurement tools administered to the students to 
measure these aspects of capability.  
As discussed later, the data sources used in this project were intended to 
gather information about only six of these seven aspects of capability: Skills and 
Procedures, Conceptual Understanding, Reasoning, Inquiry, the Nature of 
Mathematics and Science, and Productive Disposition. These aspects guided the 
development of the assessment items in the project. However, a reclassification of 
items after the administration of the written assessments found that a small number 
of items were better classified as Factual Knowledge. Further details regarding the 
data sources is provided in the following sections.  
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Aspect of Student Capability     Data Source 
 
Figure 4.4. Aspects of student capability and the data sources 
4.3.1 The IMYMS student survey 
The IMYMS Student Survey was developed by IMYMS in two parts, with a 
section on students’ perceptions of classroom practice and attitudes towards 
mathematics and science, and a section on students’ learning preferences. The 
Student Perceptions section of the survey probed students’ perceptions concerning 
mathematics and science teaching and learning in their class. It asked students to 
comment on practice in their classroom. It also included items probing their attitudes 
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to mathematics and science. The Student Learning Preferences Survey asked students 
to think about the types of activity they felt best helped them to learn. Students 
completed separate, parallel surveys for mathematics and science. Responses to the 
Student Survey used a Likert scale, with four response categories for the perceptions 
(Strongly Disagree, Disagree, Agree, and Strongly Agree), and three response 
categories for the preferences (Not Helpful, Somewhat Helpful, and Very helpful).  
The aspect of student capability classified as Productive Disposition was 
assessed using the Student Survey. Items 10, 11, 12, 22, 23, 24, 34, 35 and 36 were 
designed to probe students’ enjoyment of, desire to succeed in, and beliefs about the 
usefulness of mathematics (and science in the corresponding science survey). These 
items provide the only measure of Productive Disposition in the study.   
The survey items were divided into three categories associated with how 
students value mathematics and science.  
The first category, which referred to the extent to which students enjoy 
mathematics and science, was represented by the following three questions in the 
survey: 
 
10 I enjoy the work I do in my maths classes 
22 Learning maths at my school is fun 
34  I enjoy learning maths at my school 
 
The second category, which referred to the extent to which students aspire to 
achieve in mathematics and science, was represented by the following three 
questions in the survey: 
11  I really want to learn about maths at school 
23 I really want to do well in maths 
35 I like to try hard with my maths work 
 
The third category, which referred to the extent to which students see the 
value of mathematics and science to their future success, was represented by the 
following three questions in the survey: 
12  What I learn in maths will be useful to me when I leave school 
24  What I learn in maths will help me in the future 
36  What I learn in maths helps me in everyday life  
A copy of the Student Perceptions section of the mathematics survey is 
included as part of Appendix 1.  
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As will be discussed in Chapters 5, 7 and 8, the student survey data focusing 
on these nine items were analysed for the insights they offered concerning the aspect 
of Productive Disposition within and across mathematics and science, and the 
relationship between students’ attitudes with their performance on the written and 
performance assessments in mathematics and science. 
4.3.2 The curriculum audit 
An important part of the construction of the written assessments was the 
curriculum audit. This audit was necessary to collect information from the teachers 
about the curriculum as implemented in the project schools as Australia did not have 
a National Curriculum at the time of this study, with both Victoria’s Curriculum and 
Assessment Framework II (CSFII) and the later Victorian Essential Standards 
(VELS) (Victorian Curriculum and Assessment Authority, 2001, 2006) lacking clear 
guidelines on specific content by year level.  
The curriculum audit was conducted in all schools, for all classes 
participating in the project. It provided details of which Curriculum and Standards 
Framework II (CSFII) (Victorian Board of Studies, 2000) strands and topics would 
be the focus of teaching and learning for each individual class in the IMYMS project 
during 2005. All primary and secondary schools in Victoria were using the 
framework, which was designed to support teachers in meeting the learning needs of 
all students. It provided a strong focus for teaching and learning (the curriculum) and 
clear statements of what students were expected to achieve (the standards) in eight 
key learning areas during the first eleven years of school. However there was 
considerable leeway as to which years of schooling were being addressed by the 
different levels and how to address the expected learning outcomes.  
The Curriculum and Standards Framework (CSF) was introduced in 
Victorian schools in 1995. It was reviewed and substantially revised to form the 
Curriculum and Standards Framework II (CSFII) in 2000. It was superseded by the 
Victorian Essential Learning Standards (VELS) in 2006 and, later, by the Australian 
Curriculum, which was widely implemented from 2013. 
The CSF described what students in Victorian schools should know and be 
able to do in eight key areas of learning at regular intervals during the primary and 
compulsory secondary years of education – specifically from year Prep (Preparatory) 
to Year 10. The eight key learning areas were the Arts, English, Health and Physical 
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Education, Languages other than English (LOTE), Mathematics, Science, Studies of 
Society and Environment (SOSE) and Technology. 
Standards in the Mathematics domain were organised in five strands: 
• Number  
• Space  
• Measurement, chance and data  
• Structure  
• Working mathematically.  
Standards in the Science domain were organised in four strands: 
• Biology 
• Chemistry 
• Earth and Space 
• Physics 
Across the eleven years of compulsory education, Science and Mathematics 
domains were organised into just six levels of achievement, Level 1 to Level 6. 
The design and implementation of the written assessment required detailed 
information from the schools in order to assist in the development of an individual 
assessment program, taking into account differences in each school’s curriculum. It 
was not possible to develop one assessment for all students as each school involved 
in the research study focused on different topics and outcomes for their classroom, 
school and location. This was particularly true for science, where the curriculum 
sometimes also varied between different classes.  
A letter was prepared and distributed late in 2004 to all teachers involved in 
the project.  The letter asked teachers to supply information about their Curriculum 
Unit Planners for Years 5 to 9 in mathematics and science for the year 2005, based 
on the CSFII strands and topics planned for 2005 (see Appendix 2). Appendix 3 
provides a list of the Science strands and outcomes for each strand from the 
Curriculum and Standards Framework II for Levels 3 to 6, which covers students’ 
learning in Years 5 to 8, the years the IMYMS project was targeting. 
Data from the curriculum audit were arranged in a table format for each 
school and similar year levels were compared to identify the common elements 
across schools. This exercise showed the extent of curriculum variation in the 
schools, particularly in science. 
 To demonstrate the extent of this variation, Appendix 4 shows the CSF 
strands and topics for two secondary schools in science and mathematics, while 
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Appendices 11 and 12 compare two primary and three secondary schools using 
information from the curriculum audit. For example, whilst Secondary School 1 and 
Secondary School 2 were studying the science strand of Chemical Science, one 
school was concentrating on acids and bases and another school was focused on the 
particle model and atomic structure.  
For the purposes of the written assessments, it had already been decided that 
it would be impossible to assess the Factual Knowledge aspect of student capability 
given the likely variation in topics (and even CSFII strands) covered. Nevertheless, 
the variation in curriculum revealed by the curriculum audit was surprising. For 
example, a number of schools only covered some strands of the mathematics 
curriculum every second year, probably due to the fact that in many primary schools 
at that time classes often consisted of composite year levels – for example Years 3 
and 4, or Years 5 and 6. The information gathered from the curriculum audit 
demonstrated the complexity of devising assessment items for the individual schools 
involved in the project. Because previous projects such as SIS hadn’t really captured 
the essence of the philosophy of the project in their assessment programs, we 
attempted to create a testing program that could be seen to be an important aspect of 
the IMYMS research that was both useful and interesting for participating schools. 
One of the aims of IMYMS was to develop a range of types of assessments that 
would be helpful in tracking student achievement and would allow links to be made 
between:  
• different aspects of student capability, such as conceptual understanding, 
skills and procedures, reasoning and inquiry skills, the nature of 
mathematics and science and productive disposition;  
• aspects of capability in mathematics and science. 
Allowing the schools to inform us of their planned curriculum for the 
assessment year permitted us to design an individual assessment program that 
incorporated specific curriculum content for each school.  
Whilst the Factual Knowledge aspect of capability was excluded from the 
written assessments due to the variation in topics covered by the different teachers 
and schools, the other cognitive aspects of capability – Conceptual Understanding, 
Skills and Procedures, Reasoning, Inquiry, and the Nature of Mathematics and 
Science – were included in the written assessments. The aspect of Productive 
Disposition was assessed using the Student Survey. 
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4.3.3 The written assessments 
The written assessments charted student learning over 2005. They were 
administered during Term 1 and again in Term 4 of 2005, to all mathematics and 
science students in Year 6 and Year 8. Where Year 6 or Year 8 students were in 
composite classes of different year levels, teachers could decide whether or not the 
other students attempted the assessment, however only Year 6 and Year 8 data was 
analysed. There were two booklets to be completed by the students, one for 
mathematics and one for science. Items were a mix of multiple-choice and short 
answer responses.  
In order to match the assessment to students’ learning experiences, the 
curriculum audit described earlier was used to provide details of which Curriculum 
and Standards Framework II (CSFII) strands and outcomes would be the focus of 
teaching in each class. This information was used to construct a total of five different 
written assessments in mathematics and individualized written assessment for each 
class in science. Each written assessment was produced in two forms: items were 
rotated from the first half of a paper to the second half to provide a second form in 
order to ensure that a sufficient number of students attempted all items. Schools 
received an equal number of each form. 
Items came from a variety of sources, including: 
• the Third International Mathematics and Science Study (TIMSS) 
released items sets (International Association for the Evaluation of 
Educational Achievement, 1997a, 1997b, 1997c, 1997d); 
• the Science in Schools (SIS) project; 
• Tapping Students’ Science Beliefs (Doig & Adams, 1993); and 
• items created by the project team for mathematics and science, in 
particular for the topics of thinking mathematically and thinking 
scientifically. 
 
In science, the information provided by the curriculum audit was used to 
construct a list of CSFII outcomes that seemed most relevant to the testing program. 
Schools were asked to nominate between three and six CSFII outcomes, which could 
reasonably form the basis of the 2005 written assessment. Almost all of the teachers 
were able to nominate at least three outcomes from the list provided – special 
arrangements were made for the handful of classes where this was not possible. Each 
written assessment that was constructed had one section devoted to Thinking 
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Scientifically, which involved the language of evidence and investigation, data 
interpretation, experimental design, the relationship between theory and evidence, 
and the principles of measurement. The other three sections were devoted to each of 
three teacher-nominated CSFII outcomes, which teachers had selected from a final 
list of six primary science outcomes and eight secondary science outcomes. This 
resulted in individual assessments being constructed for each school (and sometimes 
for each class) depending on the outcomes chosen.  
The science assessments consisted of six questions for each of three CSFII 
outcomes identified by teachers as their foci, and a set of eight questions relating to 
Thinking Scientifically (see Table 4.4). Questions relating to particular outcomes 
were either comprehension or interpretation questions, at different levels of 
difficulty. The Thinking Scientifically questions focused on: the language of evidence 
and investigation, data interpretation, experimental design, the relationship between 
theory and evidence, and the principles of measurement. 
Table 4.4 
Science test structure (Thinking Scientifically plus 3 strands based on the curriculum 
audit) 
Thinking 
Scientifically  
Physical 
Sciences Chemistry Biology Earth 
Seven 
Multiple-
Choice 
One Open-
Response 
Five 
Multiple-
Choice 
One Open-
Response 
Five 
Multiple-
Choice 
One Open-
Response 
Five 
Multiple-
Choice 
One Open-
Response 
Five Multiple-Choice 
One Open-Response 
 
A total of fifty-four assessments were constructed in order to embrace all the 
combinations of outcomes listed by the schools in the project. An example of a 
secondary science assessment is shown in Appendix 5. 
In mathematics, each written assessment that was constructed had one section 
devoted to Thinking Mathematically. Two of the other three sections were devoted to 
the Number and Measurement strands in primary, and the Number and Algebra 
strands in secondary. For the remaining section, primary teachers could choose from 
Space and Chance and Data (see Table 4.5), while secondary teachers could choose 
one of Measurement, Space or Chance and Data (see Table 4.6). The Reasoning and 
Strategies strand was omitted from the choice as it was regarded as being covered in 
Thinking Mathematically.  
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Table 4.5 
Primary mathematics test structure (Number, Thinking Mathematically, 
Measurement, plus 1 strand based on teacher choice) 
Number  Thinking Mathematically Measurement  
One of Chance & Data 
and Space 
Five Multiple-
Choice 
One Open-
Response 
Four Open-Response Five Multiple-Choice 
One Open-Response 
Five Multiple-Choice 
One Open-Response 
 
Table 4.6 
Secondary mathematics test structure (Number, Thinking Mathematically, Algebra, 
plus 1 strand based on teacher choice) 
Number  Thinking Mathematically Algebra  
One of Measurement, 
Chance & Data 
 and Space 
Five Multiple-
Choice 
One Open-
Response 
Four Open-Response Five Multiple-Choice 
One Open-Response 
Five Multiple-Choice 
One Open-Response 
 
This resulted in two essentially different primary assessments and three 
secondary ones. An example of a primary mathematics assessment is shown in 
Appendix 6. 
Items were classified according to their degree of difficulty and complexity. 
Table 4.7 shows the template that was used to choose items belonging to the strand 
of Number in mathematics, based on their complexity and degree of difficulty. Three 
levels of complexity were used for the items: simple information and comprehension; 
complex information and interpretation; and higher-order thinking, which included 
theorizing and further extension, application and evaluation. Each item was also 
classified according to its degree of difficulty with three being the most difficult. For 
example, Item 54 was classified as a “Simple Information/Comprehension” with a 
degree of difficulty of 1, while Item 56 required “theorising and further evaluation” 
in order to solve it and had a degree of difficulty of 2.  
The items for each strand followed the same pattern in terms of level of 
difficulty and level of complexity as shown in Table 4.7. 
The Simple Information/Comprehension items were originally selected to 
represent the aspects of capability of Conceptual Understanding and Skills and 
Procedures. The Theorising /Extension, Application, Evaluation category were 
intended to represent the aspects of capability of Reasoning and Inquiry, and were 
regarded as higher-order items. 
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Table 4.7 
IMYMS questions for Number strand for Year 6 mathematics 
Difficulty Level Simple Information/ Comprehension 
Complex 
Information/ 
Comprehension 
Theorising / 
Extension, 
Application, 
Evaluation 
1 Item 54 – Subtract 
whole number 
 Item 56 – Toshi’s 
class 
2 Item 53 – Cake 
fractions 
J-4 Multiplication Item 12 – Song 
extension 
3  Item 55 – Marbles  
 
Many items came from the TIMSS Released Mathematics Items (see, for 
example, International Association for the Evaluation of Educational Achievement, 
1997a, 1997b). TIMSS has previously used a percentage system in mathematics and 
science to assign their items with an international difficulty index and has also 
allocated each item with a different performance expectation – such as 
‘understanding complex information’, ‘using tools, routine procedures and science 
processes’ and ‘understanding simple information’. By grading the items used in the 
IMYMS project in this way, we hoped to not only classify each item according to a 
different aspect of capability, but also to rank each item according to its degree of 
difficulty.  
The items selected for the written tests were reviewed in order to see whether 
each of the aspects of capability were represented equally and also to see whether 
each item was representative of the aspect of student capability it had been allocated. 
Discrepancies arose and differences between mathematics and science appeared upon 
further reflection.  
Tables 4.8 and 4.9 show the number of items for each aspect of capability in 
the written assessments for mathematics and science, respectively. This will be 
discussed in more detail in later chapters.  
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Table 4.8 
Number of items for each aspect of student capability for the mathematics written 
assessment  
Aspect Number of items 
Factual Knowledge 6 
Skills and 
Procedures 28 
Conceptual 
Understanding 14 
Reasoning  17 
Inquiry 0 
Nature of 
mathematics 4 
 
 
Table 4.9 
Number of items for each aspect of student capability for the science written 
assessment  
Aspect Number of items 
Factual Knowledge 6 
Skills and 
Procedures 2 
Conceptual 
Understanding 64 
Reasoning  7 
Inquiry 7 
Nature of science 4 
 
A similar template was used to construct the science assessments. However 
the fact that many more items were taken from either the SIS assessments or were 
created for the IMYMS project, meant that there was less data available on which to 
base the classifications.  
It was also important to be able to report on all students regardless of which 
test booklet they completed as part of the written assessment process and to compare 
the primary and secondary data results on the same scale. In order to achieve this, a 
number of link items were included for each aspect of capability (see Appendix 16). 
For example in mathematics Item 4 was classified as Conceptual Understanding and 
was included in the primary and secondary written assessments.  
The performance assessments also included items that were linked across 
mathematics and science (see Section 4.3.5 for further details). 
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4.3.4 Scoring the written assessments 
Multiple-choice items were scored as 1 for a correct answer or 0 for an 
incorrect answer. Open-response items were assigned varying scores based on the 
TIMSS classifications, where available. For example, the open-response item in 
science that asked students to write down one thing your heart does that helps the 
other parts of your body, was scored according to the scoring system shown in  
Table 4.10. For this item, the scoring scheme had been adapted from TIMSS released 
science items for population 1 (International Association for the Evaluation of 
Educational Achievement, 1997c, p. 55). 
 
Table 4.10 
Scoring for an open-response science: Item 41 – Heart Helps Body 
Code  Response  
Correct Response 
A 4 Explanation includes pumping blood in a circulating system out to the 
body and back to the heart. 
B 3 Explanation includes pumping blood to all parts of the body. 
Examples: It pumps blood and gives air to your lungs. 
It pumps blood to the other parts of your body. 
It pumps your blood around your body. 
C 2 Other correct. It pumps your blood. 
Incorrect Response 
D 1 Refers to heart keeping us alive or similar expression. 
Examples: Your heart gives you energy. 
Your heart gives you the strength to grow. 
It helps me breathe. 
E 1 Refers to heart keeping the beat. 
Other incorrect or inadequate. 
Nonresponse 
F 0 Crossed out/erased, illegible, or impossible to interpret. 
Blank 
 
A response that included detail about the heart pumping blood in a circulating 
system out to the body and back, achieved a score of 4, while an alternative 
explanation that only included information about pumping blood to all parts of the 
body obtained a score of 3. 
Deakin University students studying courses in Education were employed to 
mark the written test booklets. In order to ensure consistency when scoring the open-
response items, training sessions were conducted by the project team.  
After scoring, the written assessment answer booklets were scanned and the 
results were compiled in an excel file.  
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4.3.5 The performance assessment 
Assessment plays a critical role in student learning, having a profound effect 
on that learning. What students learn, and the way they learn it, is driven by how they 
are assessed. In order to develop high quality classroom assessments, different 
aspects of student capability require different types of assessment. The IMYMS 
project set out to adopt a rich view of assessment. 
Performance assessment refers to the use of integrated and practical tasks, involving 
instruments and equipment, as a means of assessing students’ content and procedural 
knowledge, as well as their ability to use that knowledge in reasoning and problem solving. 
(Harmon, et al., 1997, p.5) 
The performance assessment was administered in Term 3 of 2005 to selected 
students in Years 6 and 8. Students worked in small groups consisting of 3 or 4 
students, randomly assigned by the classroom teacher. The tasks for the performance 
assessment had already been set up by the university students supervising the 
assessments, and each group selected a workstation at which to begin. After 10 
minutes at each station, the groups of students moved to the next task and once again 
were given 10 minutes to complete the task. Students recorded their results in 
individual booklets and gave these, together with any products from the tasks, to the 
supervising teachers. 
The items were all from The Third International Mathematics and Science 
Study (Harmon, et al., 1997). “The ‘hands on’ activities with which mathematics and 
science programs are designed to equip students cannot readily be assessed by the 
kinds of items usually found in a written test” (Harmon, et al., 1997, p. 72). The 
activities allowed students to demonstrate their ability to make, record, and 
communicate observations correctly; take measurements or record experimental data; 
design and conduct a scientific investigation; or solve certain types of problems. The 
performance assessment booklets administered to the Year 6 and 8 students consisted 
of a set of practical tasks in mathematics and science or both mathematics and 
science. The version of the task administered was identical at the two year levels 
except for two items. Students completed between two and four tasks each. Three 
examples of the TIMSS performance assessment tasks are given in  
Appendix 7. 
There were 13 tasks, 11 of them similar across both the 4th and 8th grades. 
One task was unique to 4th grade and one to 8th grade. Each set of 12 tasks included 
five science tasks, five mathematics tasks and two combined tasks, integrating 
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mathematics and science content and skills. The tasks classified as addressing 
science content were: 
• Pulse 
• Magnets 
• Batteries 
• Rubber Band 
• Solutions (Year 8 only) 
• Containers (Year 4 only) 
The tasks classified as addressing mathematics content were: 
• Dice 
• Calculator 
• Folding and Cutting 
• Around the Bend 
• Packaging 
The two combined mathematics and science tasks were: 
• Shadows and  
• Plasticine. 
In the Shadows task, students were asked to manipulate the position of a light 
source and object to find three positions where the shadow is twice the width of the 
object. Students were then required to express the relationships between the distances 
of the light and object from the screen as a general rule. 
This task was intended to assess students’ ability in science related to energy 
and physical processes (light) and in mathematics relating to measurement and units, 
position, visualization, shape, symmetry, congruency and similarity and 
proportionality problems. The performance expectations in science referred to: 
• Conducting investigations 
• Gathering, organizing, & representing data 
• Interpreting investigational data 
• Formulating conclusions from investigational data 
• Applying scientific principles to develop explanations 
In mathematics the performance expectations consisted of: 
• Performing routine and complex mathematical procedures 
• Problem Solving 
• Conjecturing 
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• Generalising 
 
The following questions were asked in the Shadows Task. 
1.  What happens to the size of the shadow? 
2.  Why is the shadow always larger than the card? 
3.  Find three positions where you can put the light and the card to make a 
shadow as wide as the card. 
4.  Describe what you did in your investigation. 
5.  Present your measurements in as clear way as possible. 
6.  What general conclusion can you draw from these results? Try to write a 
rule that describes when the shadow will always be twice as wide as the 
card. 
The scoring criteria for this task are listed below. 
1.  Comments appropriately on the size of the shadow and the relationship 
between the distance from light and size of shadow. (Possible points = 2) 
2.  Concept of light travelling in a straight line and spreading out from a 
source. Diagram shows how shadow is formed. (Possible points = 2) 
3.  Records at least 3 measurements where shadow is twice the size of card. 
(Possible points = 2) 
4.  Description of how measurements were taken and includes both distances 
and shadow width. (Possible points = 2) 
5.  Measurements clearly presented in a list, table or graph. (Possible points  
= 2)  
6.  Indicates that shadow will be twice as wide as card when the distance 
from light to screen is twice the distance from light to card. (Possible 
points = 2) 
 
As was the case for the written items, the different parts of the performance 
assessment tasks (later given their own item numbers) were classified according to 
the aspects of student capability they addressed, as shown in Table 4.11.  
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Table 4.11 
Performance assessment tasks – Aspects of capability 
SCIENCE Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 
PULSE 
 
SP SP CU * * * * 
MAGNETS 
 
SP INQ * * * * * 
BATTERIES 
 
INQ INQ CU R * * * 
RUBBER BANDS 
 
SP 
  
SP SP R R SP 
(8TH) 
* 
SOLUTIONS 
(8TH) 
INQ SP INQ R INQ * * 
CONTAINERS 
(4TH) 
SP SP CU CU R * * 
MATHEMATICS        
DICE 
 
SP R SP SP 5a 
SP 
5b 
R 
* * 
CALCULATOR 
 
SP CU INQ INQ R INQ 
(8TH) 
* 
FOLD/CUT 
 
CU CU CU R 
(8TH)  
* * * 
AROUND BEND 
 
SP SP CU CU SP INQ * 
PACKAGING 
 
SP CU INQ * * * * 
MATHEMATICS 
& SCIENCE 
       
PLASTICINE 
 
1a 
SP 
1b 
R 
2a 
SP 
2b 
R 
3a 
SP 
3b 
R 
4a 
SP 
4b 
R 
* * * 
SHADOWS 
 
SP CU INQ R SP R INQ 
 
Appendix 8 shows the timetable for the performance testing for Coastal 
Secondary School.  
Scoring of the tasks was carried out in a similar manner to that for the written 
assessments. 
 
4 . 4  I n t e r v i e w s  a n d  o b s e r v a t i o n s  
 
A number of students were observed while completing the performance 
assessment, with a small sample of 20 students being interviewed during and after 
the conclusion of the performance assessment. The interviews with students focused 
on their enjoyment or disinterest with the tasks, their descriptions of how they solved 
particular problems, their observations on particular problems, and their comments 
regarding the hands-on activities. These interviews were conducted informally. The 
students were asked to contribute their opinions about the performance assessment, 
which were recorded in a notebook at the time.   
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A small sample of primary and secondary teachers of the students taking part 
in the performance assessment was also interviewed. Due to time constraints and 
availability of teachers it was only possible to interview 10 teachers.  
 Teachers were asked the following seven questions at the conclusion of the 
performance testing: 
• Do you think these mathematics and science items could be a useful part 
of your curriculum? 
• Do the items give you any clear or valuable insights into your students’ 
capabilities in mathematics and science? 
• Is it clear to you what these items are assessing? 
• Do you think it is important for these aspects of science and mathematics 
to be assessed? 
• Could you incorporate some of these items into your current curriculum? 
• If so do you feel they would give you clearer insights into mathematics 
and science processes than more traditional assessment practices? 
• Do you think these types of activities would promote students’ interests in 
science and mathematics? 
These questions pertained to the value of the testing process, the value of 
mixing mathematics and science items, the teachers’ observations regarding the 
hands-on activities and the perceived benefit to the students of this type of testing.  
The transcript data from the teachers’ interviews and the recorded statements 
from the students were summarized and classified under four headings:  
• Value to students (student perspectives);  
• Insights into students’ thinking, skills and behaviours;  
• Value to students (teacher perspectives); and 
• Performance assessment as a part of the mathematics and science 
curriculum. 
These data were used to explore the extent to which teachers valued the 
performance testing, and whether it enabled them to gather information about how 
students solved problems and worked through tasks more effectively and reliably, 
rather than just relying on data from written tasks. Also, these data enabled me to 
compare students’ written assessment data with their performance assessment results, 
and investigate whether some students were more suited to tasks involving hands-on 
activities as opposed to the written assessments. 
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The comments and observations by the university students conducting the 
performance testing were also noted and were included in the data collection.  
 
4 . 5  S u m m a r y  o f  t h e  d a t a  s o u r c e s  
 
Table 4.12 sets out the sources of data for each of the aspects of mathematics 
and science capability.  
 
Table 4.12 
Sources of student data related to the seven aspects of capability in mathematics and 
science 
 Data sources 
Aspect Surveys Written 
Assessments 
Performance 
Assessment 
Observations Interviews 
Factual 
Knowledge 
 √    
Skills and 
Procedures 
 √ √   
Conceptual 
Understanding 
 √ √   
Reasoning  √ √   
Inquiry  √ √   
Productive 
Disposition 
√   √ √ 
Nature of 
Mathematics or 
Science 
 √    
 
One data source may address more than one aspect. For example, 
performance assessments addressed four of the cognitive aspects of capability in 
mathematics and science.  
4.6 Analysing the data 
The quantitative data from the IMYMS project were a mixture of ordinal and 
interval data.  
The student surveys provided ordinal data based on students’ responses to the 
Productive Disposition items using a Likert scale. A non-parametric chi-squared (χ2) 
test was used to compare students’ endorsement of the different items for between 
group comparisons. These comparisons are shown in Chapter 5.  
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However, for further more detailed analysis, the next step was to transform 
the ordinal data into interval data using Item Response Theory (IRT) – in particular 
using a partial-credit Rasch model (Rasch, 1960; Masters, 1982). The analysis used 
the software program ConQuest (Wu, Adams, & Wilson, 1998) to establish a scale 
that showed the relative difficulty of endorsing each of the constructs Enjoyment, 
Aspiration, and Utility. Each student received a score in logits as a measure of their 
endorsement of the three constructs. Pearson’s r was used to explore relationships 
between the three constructs based on students’ logit scores (the transformed data) 
for each of the three constructs intended to probe students’ enjoyment of, desire to 
succeed in, and beliefs about the usefulness of, mathematics and science. A two-
tailed test for statistical significance was carried out using XLStatistics (Carr, 2004) 
to give the probability levels (p). 
Because the framework of aspects of student capability were to be 
investigated for the existence of these aspects as separate entities, all assessment data 
needed to be appropriate for the analyses. A Rasch Model was considered the most 
useful way to do this, as both item difficulties and student abilities would be 
generated in the same metric (logits) and on the same scale. 
The written assessment contained a mixture of multiple-choice and open-
ended items. While the multiple-choice items were scored dichotomously (correct or 
incorrect), the open-ended items were coded with partial credit scores (for example, 
0 for no response, 1 for a partially correct response, and 2 for a fully correct 
response). These data were analysed using Masters (1982) Partial Credit model. This 
analysis provided each student with a score on an interval scale that ranged from –5 
to +5. 
The performance assessment used TIMSS items, with all items having partial 
credit scoring. These were analysed using the Masters Partial Credit Model which 
provided student ability measures in logits that could be correlated to identify 
differences in mathematics and science aspects of capability. 
A similar analysis was conducted on the results from students’ written and 
performance assessments. The results of this transformation of the data provided 
measures of student attainment on each of the cognitive aspects of capability for each 
of mathematics and science.  
The next phase of the analysis examined the relationship between the aspects 
of student capability within each of mathematics and science. These relationships are 
shown diagrammatically in Figure 4.5 for mathematics and science. Student scores 
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on each of the seven aspects assessed in IMYMS were correlated each of the other 
aspects in order to establish the strength of any relationship, and its contribution to 
student capability. 
 
 
Figure 4.5. Relationships between aspects of capability within 
mathematics and science. 
 
In the third phase of the analysis, relationships between the aspects of student 
capability, across mathematics and science, were examined in order to establish the 
strengths these relationships. Figure 4.6 shows the relationships that were examined. 
Further analysis was also carried out on the relationships between students’ 
scores on the different types of assessment – namely written, performance and 
survey. 
For complete details of the analysis process for the written, performance and 
survey data, see Chapters 5 and 6. 
The observational and interview data obtained during the administration of 
the performance assessments were analysed using thematic discourse analysis. 
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Figure 4.6. Relationships between aspects of capability across 
mathematics and science. 
Further details of the analysis can be found in the remaining chapters that 
focus on the results of the study. 
Factual 
Knowledge 
Nature of 
Mathematics 
Disposition 
Inquiry 
Reasoning 
Conceptual 
Understanding 
Skills and 
Procedures 
MATHEMATICS 
SCIENCE 
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CHAPTER 5  STUDENT DISPOSITIONS TOWARDS 
MATHEMATICS AND SCIENCE 
 
From the literature review and established assessment programs, seven 
aspects that contribute to student capability were identified as constituting a model of 
capability in mathematics and science. In order to explore this model of student 
capability a substantial program of assessment was undertaken, which focused on 
measuring each of these aspects of student learning and engagement in mathematics 
and science.  
This chapter reports on the results relating to the aspect of Productive 
Disposition, which was defined as seeing a sense in mathematics and science; 
perceiving it as both useful and worthwhile; and seeing oneself as an effective 
learner and doer of mathematics and science (see Table 4.3). 
 
5 . 1  A s s e s s i n g  s t u d e n t s ’  d i s p o s i t i o n s  t o w a r d s  
m a t h e m a t i c s  a n d  s c i e n c e  
 
The aspect of Productive Disposition was assessed using the IMYMS Student 
Survey. This survey was administered to all students in 2004 and 2005 and included a 
section on students’ perceptions of classroom practice and their dispositions towards 
mathematics and science (36 items), and a section on students’ learning preferences 
in mathematics and science (24 items). Students completed separate, parallel surveys 
for mathematics and science, with the only difference being the use of the word 
mathematics or science, as appropriate. 
A copy of the Student Perceptions section of IMYMS Student Survey for 
mathematics is included as Appendix 1. Of the 36 items, 9 items were designed to 
probe three separate dispositional constructs: students’ enjoyment of mathematics (or 
science); aspirations to achieve in mathematics (or science); and beliefs about the 
usefulness of mathematics (or science). The items had been previously used for 
science in a large-scale science intervention School Innovation in Science (see, for 
example, Tytler, 2009).  
There were a total of nine items on student disposition towards each of 
mathematics and science, with three items focusing on each of the three constructs of 
Enjoyment, Aspiration to achieve, and future usefulness (referred to here as Utility). 
For example, the three items related to the construct of Enjoyment were: “I enjoy the 
work I do in my mathematics classes”, “learning mathematics at my school is fun”, 
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and “I enjoy learning mathematics at my school”. The full list of items related to 
students’ Productive Disposition towards mathematics appears in Table 5.  
 
Table 5.1 
Nine items from IMYMS Student Survey relating to Productive Disposition in 
mathematics 
Construct Item number Item description 
Enjoyment 10 I enjoy the work I do in my mathematics classes 
 22 Learning mathematics at my school is fun 
 34 I enjoy learning mathematics at my school 
Aspiration 11 I really want to learn about mathematics at school 
 23 I really want to do well in mathematics 
 35 I like to try hard with my mathematics work 
Utility 12 What I learn in mathematics will be useful to me when 
I leave school 
 24 What I learn in mathematics will help me in the future 
 36 What I learn in mathematics helps me in everyday life 
 
The following tables and figures show data relating to primary and secondary 
students’ responses to these Productive Disposition items in mathematics and 
science, based on the 2005 survey. Items have been ordered according to the three 
constructs of Enjoyment (E), Aspiration (A), and Utility (U). The tables show the 
distribution of primary and secondary students’ responses, based on their rating of 
each item as Strongly Disagree, Disagree, Agree or Strongly Agree. The figures use 
the same data as the tables, but show the percentage of students endorsing each of the 
four response categories.  
5.1.1 Primary students’ dispositions towards mathematics  
Table 5.2 shows the number of primary students rating each of the 
mathematics items in each of the categories from Strongly Disagree to Strongly 
Agree. 
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Table 5.2 
Primary students’ responses to Productive Disposition items in mathematics  
(by frequency) 
Item Statement  Strongly Disagree Disagree Agree 
Strongly 
Agree 
E10 I enjoy the work I do in my 
mathematics classes  74 154 384 156 
E22 Learning mathematics at my school is 
fun  119 178 343 122 
E34 I enjoy learning mathematics at my 
school  85 156 329 193 
A11 I really want to learn about 
mathematics at school  65 154 347 195 
A23 I really want to do well in 
mathematics  11 18 224 517 
A35 I like to try hard with my mathematics 
work  16 36 301 413 
U12 What I learn in mathematics will be 
useful to me when I leave school  7 28 214 512 
U24 What I learn in mathematics will help 
me in the future  6 15 267 483 
U36 What I learn in mathematics helps me 
in everyday life  24 50 321 370 
 
The same data, based on percentages of students responding in each category, 
are shown in graphical form in Figure 5.1. 
 
Figure 5.1. Primary students’ responses to Productive Disposition items in 
mathematics (by percentage). 
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Items relating to Enjoyment were not as strongly endorsed as those relating to 
the other two constructs of Aspiration and Utility. Nevertheless between 60% and 
70% of primary students Agreed or Strongly Agreed with these items.  
Over 90% of primary students Agreed or Strongly Agreed with two of the 
statements relating to Aspiration: A23 – I really want to do well in mathematics and 
A35 – I like to try hard with my mathematics work. However, responses to item A11 
– I really want to learn about mathematics at school – did not follow the same 
pattern as the other two items relating to Aspiration, instead following a pattern 
similar to those related to Enjoyment. It is possible that students misunderstood the 
intent of this statement, as a similar phenomenon occurred for other groups of 
students, as will be seen in the later analysis. 
Overall, primary students’ perceptions of the usefulness of mathematics was 
very positive, with all three items relating to Utility having more than 90% of 
students showing Agreement or Strong Agreement.  
These data illustrate that almost all of the primary students believed 
mathematics was useful, wanted to do well in mathematics, but a much smaller 
proportion of these students were likely to enjoy it. 
5.1.2 Secondary students’ dispositions towards mathematics  
Table 5.3 shows the number of secondary students rating each of the 
mathematics items in each of the categories from Strongly Disagree to Strongly 
Agree. 
Items relating to Enjoyment were not as strongly endorsed as those relating to 
the other two constructs of Aspiration and Utility, with between 40% and 50% of 
secondary students Agreeing or Strongly Agreeing with these items.  
Over 90% of secondary students Agreed or Strongly Agreed with two of the 
statements relating to Aspiration: A23 – I really want to do well in mathematics and 
A35 – I like to try hard with my mathematics work. Once again, responses to item 
A11 – I really want to learn about mathematics at school, do not follow the same 
pattern as the two other items relating to Aspiration, instead following a similar 
pattern to those related to Enjoyment. This was the same pattern as for primary 
mathematics students.  
 104
Table 5.3  
Secondary students’ responses to Productive Disposition items in mathematics  
(by frequency) 
Item Statement  Strongly Disagree Disagree Agree 
Strongly 
Agree 
E10 I enjoy the work I do in my 
mathematics classes  118 195 263 49 
E22 Learning mathematics at my school is 
fun  183 188 203 34 
E34 I enjoy learning mathematics at my 
school  131 184 244 61 
A11 I really want to learn about 
mathematics at school  71 165 279 103 
A23 I really want to do well in 
mathematics  11 18 284 305 
A35 I like to try hard with my mathematics 
work  24 53 336 206 
U12 What I learn in mathematics will be 
useful to me when I leave school  32 74 271 246 
U24 What I learn in mathematics will help 
me in the future  28 75 277 237 
U36 What I learn in mathematics helps me 
in everyday life  54 130 285 140 
 
 The same data, based on percentages of students responding in each category, 
are shown in graphical form in Figure 5.2. 
 
Figure 5.2. Secondary students’ responses to Productive Disposition items in 
mathematics (by percentage). 
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Overall, secondary students’ perceptions of the usefulness of mathematics 
were also positive, with all three items relating to Utility having between 60% and 
70% of secondary students showing Agreement or Strong Agreement  
Again, as with the primary students, the pattern is clear. Secondary students 
do not see mathematics as enjoyable as primary students, but they do perceive the 
value of it to their daily and future lives, and they also aspire to do well in the 
subject. 
5.1.3 Primary students’ dispositions towards science  
Table 5.4 shows the number of primary students rating each of the science 
items in each of the categories from Strongly Disagree to Strongly Agree. 
Table 5.4  
Primary students’ responses to Productive Disposition items in science  
(by frequency) 
Item Statement  Strongly Disagree Disagree Agree 
Strongly 
Agree 
E10 I enjoy the work I do in my science 
classes 
 34 107 407 253 
E22 Learning science at my school is fun  55 121 358 259 
E34 I enjoy learning science at my school  44 106 349 290 
A11 I really want to learn about science at 
school 
 24 117 359 302 
A23 I really want to do well in science  8 33 322 431 
A35 I like to try hard with my science work  10 42 359 372 
U12 What I learn in science will be useful to 
me when I leave school 
 32 90 378 302 
U24 What I learn in science will help me in 
the future 
 25 83 420 258 
U36 What I learn in science helps me in 
everyday life 
 53 170 395 169 
 
The same data, based on percentages of students responding in each category, 
are shown in graphical form in Figure 5.3. 
Items relating to Enjoyment were strongly endorsed with approximately 80% 
of primary students Agreeing or Strongly Agreeing with these items. 
Over 95% of primary students Agreed or Strongly Agreed with two of the 
statements relating to Aspiration – A23 and A35. Item A11 once again aligned with 
the items in the Enjoyment construct, with just over 80% strongly endorsing science 
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as a subject in which they aspire to do well. These were similar to the results for 
primary mathematics students. 
 
 
 
 
Figure 5.3. Primary students’ responses to Productive Disposition items in science 
(by percentage) 
 
Over 90% of students Agreed or Strongly Agreed with two of the statements 
relating to Utility – U12 and U24. Item U36 –What I learn in science helps me in 
everyday life – was not as strongly endorsed, with only 75% of students responding 
positively to this item.  
These data illustrate that almost all of the primary students want to do well in 
science, enjoy science, and believe science to be useful in their future career, but are 
not as likely to believe it helps in their everyday life.  
Overall, primary students enjoy science slightly more than they enjoy 
mathematics, however they don’t value the usefulness of science as highly as the 
usefulness of mathematics. 
5.1.4 Secondary students’ dispositions towards science  
Table 5.5 shows the number of secondary students rating each of the science 
items in each of the categories from Strongly Disagree to Strongly Agree. 
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Table 5.5  
Secondary students’ responses to Productive Disposition items in science  
(by frequency) 
Item Statement  Strongly Disagree Disagree Agree 
Strongly 
Agree 
E10 I enjoy the work I do in my science 
classes 
 86 204 365 102 
E22 Learning science at my school is fun  119 195 328 101 
E34 I enjoy learning science at my school  103 181 341 120 
A11 I really want to learn about science at 
school 
 78 220 340 122 
A23 I really want to do well in science  22 53 376 305 
A35 I like to try hard with my science 
work 
 29 100 405 210 
U12 What I learn in science will be useful 
to me when I leave school 
 63 198 368 126 
U24 What I learn in science will help me 
in the future 
 47 186 381 130 
U36 What I learn in science helps me in 
everyday life 
 90 292 294 64 
 
 The same data, based on percentages of students responding in each category, 
are shown in graphical form in Figure 5.4. 
Figure 5.4. Secondary students’ responses to Productive Disposition items in science 
(by percentage) 
 Items relating to the Enjoyment and Utility construct were not as strongly 
endorsed as those relating to the Aspiration construct.  
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 Approximately 60% of secondary students in science Agreed or Strongly 
Agreed with the Enjoyment items.  
The items gaining high levels of Agreement and Strong Agreement for 
students in secondary science were those relating to students aspiring to do well in 
science, with between 90% and 95% of secondary students Strongly Agreeing or 
Agreeing with items A23 and A35. Item A11 – I really want to learn about science 
at school – did not follow a similar pattern to the other two items in the Aspiration 
construct, instead aligning with the three items in the Enjoyment construct. 
Between 65% and 75% of secondary students in science Agreed or Strongly 
Agreed with these three items. Item U36 – What I learn in science helps me in 
everyday life – was once again not as strongly endorsed as the other two items in the 
construct of Utility. These results are similar to those found in the primary science 
students’ data results. 
Compared to primary students of science, secondary students are not as 
positive towards the constructs relating to Enjoyment, Aspiration and Utility. Whilst 
primary students see science as enjoyable and aspire to do well, secondary students 
are likely to be less positive regarding the constructs of Enjoyment and Utility in 
science. 
 
5 . 2   A  c o m p a r i s o n  o f  p r i m a r y  a n d  s e c o n d a r y  s t u d e n t s ’  
d i s p o s i t i o n s   
 
The student survey data were also analysed for the insights they could offer 
concerning differences between primary and secondary students’ dispositions 
towards mathematics and science. In order to compare the primary and secondary 
data, an analysis was carried out based on the percentage of students who rated each 
item as either Strongly Agree or Agree (that is those who agreed overall). 
Table 5.6 shows the differences between primary and secondary students’ 
dispositions towards mathematics based on the percentage of students who rated each 
item as either Strongly Agree or Agree. The first column of figures represents the 
percentages of primary students rating each of the mathematics items as Strongly 
Agree or Agree, while the second column represents the percentage of secondary 
students rating each of these items as Strongly Agree or Agree.  
The third column shows the difference in percentages between primary and 
secondary students’ rating of each mathematics item as Strongly Agree or Agree. 
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Data for each item were compared using a χ2 test with 1 degree of freedom. These 
values are annotated to indicate the level of significance of any differences as shown 
in column four.  
 
Table 5.6  
Students’ responses to Productive Disposition items in mathematics – Primary 
versus Secondary  
 
Item 
 
Statement 
 % (SA+A) 
 Primary 
Maths1 
% (SA+A) 
Secondary
Maths2 
% (SA+A)  
Primary – 
Secondary3 
 
χ2 
Value4 
E10 I enjoy the work I do in my mathematics classes  70.3 49.9 20.4 60.3*** 
E22  Learning mathematics at my school is fun  61.0 39.0 22.0 65.8*** 
E34  I enjoy learning mathematics at my school  68.4 49.2 19.2 52.6*** 
A11  I really want to learn about mathematics at school  71.2 61.8 9.4 13.7*** 
A23  I really want to do well in mathematics  96.2 95.3 0.9 0.7 
A35  I like to try hard with my mathematics work  93.2 87.6 5.6 12.9*** 
U12 What I learn in mathematics will be useful to me when 
I leave school 
 95.4 83.0 12.4 57.7*** 
U24 What I learn in mathematics will help me in the future  97.3 83.3 14.0 82.2*** 
U36 What I learn in mathematics helps me in everyday life  90.3 69.8 20.5 93.8*** 
1. SA + A represents the percentages of primary students rating each mathematics item as Strongly Agree or 
Agree 
2. SA + A represents the percentages of secondary students rating each mathematics item as Strongly Agree or 
Agree  
3. SA - A represents the difference in percentages between primary and secondary students rating each 
mathematics item as Strongly Agree or Agree 
4. * indicates a significant difference at 0.05 level based on a χ2 test with 1 degree of freedom 
 ** indicates a significant difference at 0.01 level based on a χ2 test with 1 degree of freedom 
 *** indicates a significant difference at 0.001 level based on a χ2 test with 1 degree of freedom 
 
Almost every item on the table shows a significant difference at a p<0.001 
level between primary and secondary students’ responses. It is interesting to note that 
the only item where there was no significant difference between primary and 
secondary student responses was: 
23 I really want to do well in maths 
Over 95% of both primary and secondary students Agreed or Strongly 
Agreed with this item.  
Primary students were much more likely to Agree or Strongly Agree with 
items regarding enjoyment of mathematics than secondary students. Primary students 
also perceived mathematics to be much more useful than secondary students. 
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Primary students were more likely to Agree or Strongly Agree with the items 
regarding wanting to learn mathematics in school and trying hard than secondary 
students. Whilst a large number of secondary students Agreed or Strongly Agreed 
with wanting to do well in mathematics, they were less likely to want to try hard in 
mathematics and much less likely to Agree or Strongly Agree that they want to learn 
about mathematics.  
 
Table 5.7  
Students’ responses to Productive Disposition items in science – Primary 
versus Secondary  
 
Item 
 
Statement 
 % (SA+A) 
 Primary 
Science1 
% (SA+A) 
Secondary
Science2 
% (SA+A)  
Primary – 
Secondary3 
χ2  
Value4 
E10 I enjoy the work I do in my science classes  82.4 61.7 20.7 83.4*** 
E22  Learning science at my school is fun  77.8 57.7 20.1 71.1*** 
E34 I enjoy learning science at my school  81.0 61.9 19.1 69.0*** 
A11 I really want to learn about science at school  82.4 60.8 21.6 90.3*** 
A23 I really want to do well in science  94.8 90.1 4.7 12.7*** 
A35 I like to try hard with my science work  93.3 82.7 10.6 41.8*** 
U12 What I learn in science will be useful to me when I 
leave school 
 84.8 65.4 19.4 78.6*** 
U24 What I learn in science will help me in the future  86.3 68.7 17.6 68.2*** 
U36 What I learn in science helps me in everyday life  71.6 48.4 23.2 86.4*** 
1. SA + A represents the percentages of primary students rating each science item as Strongly Agree or Agree 
2. SA + A represents the percentages of secondary students rating each science item as Strongly Agree or 
Agree 
3. SA - A represents the difference in percentages between primary and secondary students rating each science 
item as Strongly Agree or Agree 
4. * indicates a significant difference at 0.05 level based on a χ2 test with 1 degree of freedom 
 ** indicates a significant difference at 0.01 level based on a χ2 test with 1 degree of freedom 
 *** indicates a significant difference at 0.001 level based on a χ2 test with 1 degree of freedom 
 
Table 5.7 shows the difference between primary and secondary students’ 
dispositions towards science based on the percentage of students who rated each item 
as either Strongly Agree or Agree. Every item on the table shows a significant 
difference at a p<0.001 level between primary and secondary student responses. 
Primary students were more likely to Agree or Strongly Agree with items regarding 
enjoyment of science than secondary students.  
Primary students also perceive science to be much more useful than 
secondary students. Primary students were more likely to Agree or Strongly Agree 
 111
with the items regarding wanting to do well in science in school and trying hard than 
secondary students, and secondary science students were much less likely to Agree 
or Strongly Agree that they want to learn about science.  
Whilst a large number of secondary students Agreed and Strongly Agreed 
with perceiving science as useful when they leave school and assisting in their future 
career, they were less likely to Agree or Strongly Agree that science helps in their 
everyday life. 
 
5 . 3   A  c o m p a r i s o n  o f  s t u d e n t s ’  d i s p o s i t i o n s  t o w a r d s  
m a t h e m a t i c s  a n d  s c i e n c e   
 
An analysis similar to that described in Section 5.2 was carried out to identify 
the strength of differences between students’ dispositions towards mathematics and 
science. 
Table 5.8 shows the differences between primary students’ dispositions 
towards mathematics and science based on the percentage of students who rated each 
item as either Agree or Strongly Agree. 
Almost every item in the table shows a significant difference at a p<0.001 
level between mathematics and science perceptions, with the exception of the two 
items A23 and A35 that show no significant difference. 
Primary students of mathematics were slightly more likely to Agree or 
Strongly Agree with items regarding wanting to do well in mathematics and trying 
hard than primary students of science, however primary students in science were 
more likely than students of mathematics to Agree or Strongly Agree that they want 
to learn about science. 
Whilst primary students were more likely to Agree or Strongly Agree with 
perceiving mathematics as useful when they leave school, assisting in their future 
career, and helping in their everyday life, they were less likely to Agree or Strongly 
Agree that science is useful. 
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Table 5.8  
Primary students’ responses to Productive Disposition items – Mathematics 
versus Science 
 
Item 
 
Statement 
 % (SA+A) 
 Primary 
Maths1 
% (SA+A) 
Primary 
Science2 
% (SA+A)  
Maths – 
Science3 
 
χ2  
Value4 
E10  I enjoy the work I do in my mathematics/science classes  70.3 82.4 -12.1 31.8*** 
E22 Learning mathematics /science at my school is fun  61.0 77.8 -16.8 51.7*** 
E34 I enjoy learning mathematics /science at my school  68.4 81 -12.6 32.5*** 
A11 I really want to learn about mathematics /science at 
school 
 71.2 82.4 -11.2 27.6*** 
A23 I really want to do well in mathematics /science  96.2 94.8 1.4 1.8 
A35  I like to try hard with my mathematics /science work  93.2 93.3 -0.1 0.0 
U12 What I learn in mathematics /science will be useful to 
me when I leave school 
 95.4 84.8 10.6 48.7*** 
U24 What I learn in mathematics /science will help me in the 
future 
 97.3 86.3 11.0 62.2*** 
U36 What I learn in mathematics /science helps me in 
everyday life 
 90.3 71.6 18.7 87.3*** 
 
1. SA + A represents the percentages of primary students rating each mathematics item as Strongly Agree or 
Agree 
2. SA + A represents the percentages of primary students rating each science item as Strongly Agree or Agree 
3. SA + A represents the difference in percentages between primary students rating each mathematics and 
science item as Strongly Agree or Agree 
4. * indicates a significant difference at 0.05 level based on a χ2 test with 1 degree of freedom 
 ** indicates a significant difference at 0.01 level based on a χ2 test with 1 degree of freedom 
 *** indicates a significant difference at 0.001 level based on a χ2 test with 1 degree of freedom 
 
Table 5.9 shows the differences between secondary students’ dispositions 
towards mathematics and science based on the percentage of students who rated each 
item as either Agree or Strongly Agree. 
Every item on the table shows a significant difference at a p<0.001 level 
between mathematics and science perceptions with the exception of one of the items, 
A11, that showed no significant difference. 
Secondary students were more likely to Agree or Strongly Agree with items 
regarding enjoyment of science than those regarding enjoyment of mathematics. 
However the reverse was true for the items relating to the utility of mathematics and 
science, where secondary students were more likely to Agree or Strongly Agree with 
items regarding the usefulness of mathematics than those regarding the usefulness of 
science. 
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Table 5.9  
Secondary students’ responses to Productive Disposition items – Mathematics 
versus Science 
 
Item 
 
Statement 
 % (SA+A) 
Secondary
Maths1 
% (SA+A) 
Secondary 
Science2 
% (SA+A)  
Maths – 
Science3 
 
χ2  
Value4 
E10  I enjoy the work I do in my mathematics/science classes  49.9 61.7 -11.8 19.3*** 
E22 Learning mathematics /science at my school is fun  39.0 57.7 -18.8 47.1*** 
E34 I enjoy learning mathematics /science at my school  49.2 61.9 -12.7 22.1*** 
A11 I really want to learn about mathematics /science at 
school 
 61.8 60.8 1.0 0.2 
A23 I really want to do well in mathematics /science  95.3 90.1 5.2 13.3*** 
A35  I like to try hard with my mathematics /science work  87.6 82.7 4.9 6.3* 
U12 What I learn in mathematics /science will be useful to 
me when I leave school 
 83.0 65.4 17.6 53.8*** 
U24 What I learn in mathematics /science will help me in the 
future 
 83.3 68.7 14.6 38.8*** 
U36 What I learn in mathematics /science helps me in 
everyday life 
 69.8 48.4 21.4 62.9*** 
1. SA + A represents the percentages of secondary students rating each mathematics item as Strongly Agree or 
Agree 
2. SA + A represents the percentages of secondary students rating each science item as Strongly Agree or 
Agree 
3. SA + A represents the difference in percentages between secondary students rating each mathematics and 
science item as Strongly Agree or Agree 
4. * indicates a significant difference at 0.05 level based on a χ2 test with 1 degree of freedom 
 ** indicates a significant difference at 0.01 level based on a χ2 test with 1 degree of freedom 
 *** indicates a significant difference at 0.001 level based on a χ2 test with 1 degree of freedom 
 
Regarding their aspirations to do well in their studies, secondary students 
were more likely to Agree and Strongly Agree with the item regarding wanting to do 
well in mathematics in school than for science, and, to a lesser extent, also for the 
item regarding trying hard. However there was no significant difference between 
secondary students Agreeing or Strongly Agreeing about wanting to learn about 
mathematics and science.  
 
5.4 Subscales of student disposition 
 
In order to analyse and report data from the ordinal scales from the student 
surveys in a way that allows a clearer view of differences between data sets and more 
defensible conclusions to be drawn about the relative perceptions of mathematics 
versus science or primary versus secondary students, Item Response Theory (IRT) 
was used.  
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The particular model used was the Rasch Model (Rasch, 1960). A common 
scale was constructed using a Partial Credit Model (Masters, 1982), in which the 
intervals have meaning and the scores can be subjected to statistical analysis 
regarding the relationship between the three dispositional constructs. 
There are two schools of thought – or perhaps two “methodological camps” – 
that argue which of the Partial Credit Model (PCM) and the Rating Scale Model 
(RCM) is more appropriate for the analysis of this type of data. According to Ostini 
and Nering (2006),  
While it historically follows the development of the rating scale model, the PCM is a more 
general model. ... The model is not however restricted to use with items that have response 
categories defined by component analytical problems. In fact the PCM is suitable for use 
with any test format which provides a finite set of ordered response options. (pp. 26–27) 
The rating scale model has an underlying assumption about the difficulty of 
endorsing any pair of adjacent categories in Likert-scale type questionnaires. This 
assumption is that all categories are equally easy, or difficult, to endorse against the 
next higher category. That is, the scale distances between categories are the same for 
all categories. According to Andrich (2010) “it might be considered that if the same 
format is used across all items, the sizes of the categories will also be the same across 
all items” (p. 124). 
However, others argue differently. For example, Bond and Fox (2007) point 
out that “The partial credit model not only allows for an empirical test of whether the 
distances between response categories are constant for each item, but, more 
importantly, it allows the option for each item to vary in its number of response 
categories” (p. 205). The first part of this statement, about testing the distances 
between response categories, is critical, as the assumption of rating scale analysis 
that all category lengths are the same for all categories has not once been seen to be 
justified (B. Doig, personal communication, May 9, 2014). 
Masters (2010) makes the counter-argument explicit: 
When a person responds to an item with several ordered response categories, he or she must 
make a choice taking into account all available alternatives. The partial credit model makes 
no assumption about the response mechanism underlying a person’s choice. It simply 
proposes that if category k is intended to represent a higher level of response than category  
k – 1, then the probability of choosing or scoring k rather than k – 1 should increase 
monotonically with the ability being measured. (p. 115) 
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Further, Wright and Masters (1992) demonstrated, using a Fear-of-Crime 
Likert-scale questionnaire, that the partial credit analysis revealed much more detail 
than the rating scale analysis. They state that: 
Whether or not an item fits the Rating Scale model depends in part on how closely this 
common pattern of step estimates matches the estimates that would have been obtained had 
they been estimated with the Partial Credit model ... The Partial Credit analysis, however, 
does expose a fine structure in the fear-of-crime variable. This fine structure is lost in the 
Rating Scale analysis. (p. 151) 
In a similar vein, Adams and Wu (2010) compare the “goodness of fit” of a 
rating scale model and a partial credit model using responses from 582 teachers to 10 
Likert-style items designed to measure the importance placed by teachers on 
adequate resourcing and support to the success of bilingual education programs, 
which is very similar to the survey data that I will be analysing. They conclude that: 
A formal statistical test of the relative fit of these models can be undertaken by comparing the 
deviance of the two models. Comparing the deviance in the summary tables, note that the 
rating scale model deviance is 67.58 greater than the deviance for the partial credit model. If 
this value is compared to a chi-squared distribution with 9 degrees of freedom, this value is 
significant and it can be concluded that the fit of the rating scale model is significantly worse 
than the fit of the partial credit model. (p. 13) 
Figure 5.5 shows the results of the analysis of the survey responses for 
primary students for the three constructs of Productive Disposition towards 
mathematics, using Masters (1982) Partial Credit model. Data from the student 
survey responses is represented using a Wright map (Wright & Masters, 1982). This 
type of map (also called a construct map or item map) is helpful as a visual 
representation of the data. Its most important features according to Masters, Adams 
and Wilson (1994) are: 
 (a)  there is a coherent and substantive definition for the content of the construct; 
(b)  there is an idea that the construct is composed of an underlying continuum—in other 
words, the respondents are ordered from greater to less—one can make a comparison 
among the respondents of more, equal, or less; 
(c)  this continuum can be “mapped out” in terms of the responses to the items (either of 
individual items or groups of items). (Wilson, 2003, p.5) 
The Wright map is named after Ben Wright, (Wright & Masters, 1982).  It 
displays people in order of their ability and items in order of their difficulty along a 
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common vertical scale. According to Rittle-Johnson et al., (2010, p. 9), “The 
advantage of using the logit scale is that it results in an equal interval linear scale that 
is not dependent on the particular items or participants used in estimating the scores”. 
The scale of the Wright map shown in Figure 5.5 ranges from positive 5 to 
negative 5.  Each x on the left hand side of the graph represents 2 students. The right 
hand side of the Wright map lists the nine items from the student survey on 
mathematics ordered according to students’ responses. The location of Partial Credit 
items on a Wright map are shown by a letter followed by a decimal number – for 
example E22.3. This is the threshold between a response in category 2 (Disagree) 
and category 3 (Agree) for Item E22 – that is, students above this threshold are more 
likely than not to Agree (or even Strongly Agree) with the statement in Item E22, 
while students below this threshold are more likely than not to Disagree (or even 
Strongly Disagree) with the same statement.   
These thresholds indicate the difficulty levels for items. For example, a 
comparison of the thresholds E22.4 and U12.4 in Figure 5.5 shows that the 
likelihood of a student Strongly Agreeing with the statement E22 – Learning 
mathematics at my school is fun – is lower than the likelihood of Strongly Agreeing 
with the statement U12 – What I learn in mathematics will be useful to me when I 
leave school – as the data indicates that only 20 primary students were more likely 
than not to Strongly Agree with Item E22, compared to a much larger number for 
Item U12.    
The thresholds E10.4, E22.4 and E34.4 were the highest on the scale, 
indicating that students found it hardest to Strongly Agree with these three items. 
These three items belong to the construct of Enjoyment, distinguishing this construct 
as being one that primary students found most difficult to Strongly Agree with for 
mathematics.  
 The lowest question on the scale that primary students were more likely than 
not to Strongly Agree with was Item U12 – What I learn in mathematics will be 
useful to me when I leave school. The results indicate that nearly two thirds of the 
students were more likely than not to Strongly Agree with this item. This illustrates 
the result that primary students found it much easier to Strongly Agree with the 
statement that they think mathematics is useful than with the other eight statements.  
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PRIMARY MATHS  
-------------------------------------------------------------------------------- 
Item Estimates (Thresholds)                                       
Primary on mathematics (N = 417 L = 9 Probability Level= .50)                          
-------------------------------------------------------------------------------- 
      ENJOYMENT ASPIRATION UTILITY  
  
 5.0                 XXXXXXXX    | 
                             X   | 
                             X   | 
                                 |    E22.4 
  4.0               XXXXXXXXXX   |    E10.4 
                             X   | 
              XXXXXXXXXXXXXXXX   |    E34.4 
  3.0                        X   |      A11.4 
                 XXXXXXXXXXXXX   | 
                             X   | 
                   XXXXXXXXXXX   | 
  2.0                        X   | 
              XXXXXXXXXXXXXXXX   |        U36.4 
              XXXXXXXXXXXXXXXX   |      A35.4 
                 XXXXXXXXXXXXX   | 
  1.0        XXXXXXXXXXXXXXXXX   |    E22.3   A23.4   U24.4 
                  XXXXXXXXXXXX   |    E34.3     U12.4 
                        XXXXXX   |    E10.3   A11.3 
   .0                XXXXXXXXX   | 
                        XXXXXX   | 
                      XXXXXXXX   | 
                           XXX   |    E22.2  
E34.2 
 -1.0                  XXXXXXX   |    E10.2   A35.3   U36M.3 
                           XXX   |      A11.2 
                             X   |      A23.3 
                           XXX   |      A35.2   U12.3 
 -2.0                        X   |      A23.2   U36.2 
                                 |        U24.3 
                                 |        U12.2 
 -3.0                            |        U24.2 
                                 | 
                                 | 
                                 | 
 -4.0                            | 
                                 | 
                                 | 
                                 | 
 -5.0                            | 
-------------------------------------------------------------------------------- 
  Each X represents    2 students 
================================================================================ 
Figure 5.5. Survey results for primary students for the three constructs of  
Productive Disposition towards mathematics. 
In the results for primary mathematics, students found it harder to Strongly 
Agree with the statements relating to the enjoyment of mathematics, than those 
relating to their aspirations to do well and their perceptions of its usefulness.  
 The pattern suggests that enjoyment of mathematics is hardest for primary 
students to positively endorse. Aspiration was slightly easier for students to 
positively endorse than enjoyment, but not as easy as utility. The thresholds for Item 
A11 were closer to those of the Enjoyment thresholds, a pattern that occurred in all 
of the data analysis. The utility construct was the easiest of the three to be positively 
endorsed by primary students.  
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As can be seen in this Wright map, this pattern is repeated for the remaining 
thresholds, with each set of thresholds following a similar pattern for each of the 
three constructs.  
SECONDARY MATHS  
-------------------------------------------------------------------------------- 
Item Estimates (Thresholds)                                       
Secondary on Maths (N = 379 L = 9 Probability Level= .50)                        
-------------------------------------------------------------------------------- 
       ENJOYMENT  ASPIRATION UTILITY 
5.0                              | 
                                 | 
                                 | 
                            XX   | 
  4.0                            | 
                             X   | 
                             X   | 
  3.0                            |    E10.4 
                       XXXXXXX   |    E34.4 
                             X   | 
                        XXXXXX   |    E22.4     U36.4 
  2.0                 XXXXXXXX   | 
                             X   |      A11.4 
                     XXXXXXXXX   |      A35.4 
                   XXXXXXXXXXX   |        U12.4 U24.4 
  1.0        XXXXXXXXXXXXXXXXX   | 
                     XXXXXXXXX   |    E22.3   A23.4 
                    XXXXXXXXXX   |   E10.3  
E34.3 
   .0              XXXXXXXXXXX   | 
             XXXXXXXXXXXXXXXXX   |      A11.3   U36.3 
                       XXXXXXX   | 
                   XXXXXXXXXXX   |    E22.2     U12.3 U24.3 
 -1.0                     XXXX   |    E10.2  
E34.2   A35.3 
                      XXXXXXXX   | 
                           XXX   |      A23.3A11.2  
                             X   |      A35.2   U24.2 U36.2 
 -2.0                      XXX   |        U12.2 
                                 |      A23.2 
                                 | 
 -3.0                        X   | 
                                 | 
                             X   | 
                                 | 
 -4.0                            | 
                                 | 
                                 | 
                                 | 
 -5.0                            | 
-------------------------------------------------------------------------------- 
  Each X represents    2 students 
================================================================================ 
Figure 5.6. Survey results for secondary students for the three constructs of  
Productive Disposition towards mathematics. 
 
Figure 5.6 shows the results of the analysis of the survey results for 
secondary students for the three constructs of Productive Disposition towards 
mathematics. The item thresholds are highlighted as was the case in Figure 5.5 for 
primary mathematics students. 
A comparison of the thresholds E10.4 and A23.4 in Figure 5.6 shows the 
likelihood of a student Strongly Agreeing with the statement E10 – I enjoy the work I 
do in my mathematics class – is lower than the likelihood of Strongly Agreeing with 
the statement A23 – I really want to do well in mathematics – as the data indicates 
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that only 8 secondary students were more likely than not to Strongly Agree with Item 
E10, compared to a much larger number for Item A23.  
The thresholds E10.4, E34.4 and E22.4 were the highest on the scale 
indicating that students found it the hardest to Strongly Agree with these three items. 
These three items belong to the construct of Enjoyment, distinguishing this construct 
as being one that secondary students found most difficult to Strongly Agree with for 
mathematics. These results are similar to those found in the analysis of the primary 
mathematics students’ data.  
The lowest question on the scale that secondary students were more likely 
than not to Strongly Agree with was Item A23 – I really want to do well in 
mathematics. The results indicate that that just over half of the students were more 
likely than not to Strongly Agree with this item. This illustrates the result that 
secondary students found it much easier to Strongly Agree with the statement that 
they want to do well in mathematics than with the other eight statements.  
In the results for secondary mathematics, students found it harder to Strongly 
Agree with the statements relating to the enjoyment of mathematics, than those 
relating to their aspirations to do well and their perceptions of its usefulness.  
The pattern suggests that the enjoyment of mathematics is harder for 
secondary students to positively endorse. Utility was slightly easier for students to 
positively endorse than Enjoyment, but not as easy as Aspiration. The Aspiration 
construct was the easiest of the three to be positively endorsed by secondary 
students.  
As can be seen in this Wright Map, this pattern is repeated for the remaining 
thresholds, with each set of thresholds following a similar pattern for each of the 
three constructs. 
 
Figure 5.7 shows the results of the analysis of the survey responses for 
primary students for the three constructs of Productive Disposition towards science. 
A comparison of the thresholds U36.4 and A23.4 in Figure 5.7 shows that the 
likelihood of a students strongly agreeing with the statement U36 – What I learn in 
science helps me in everyday life – is lower than the likelihood of strongly agreeing 
with the statement A23 – I really want to do well in science – as the data indicates 
that 144 primary students were more likely than not to Strongly Agree with Item 
U36, compared to 528 primary students for Item A23. 
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 The thresholds U36.4, E10.4, E34.4, E22.4, A11.4, and U24.4 were the 
highest on the scale, indicating that students found it the hardest to Strongly Agree 
with these six items. These items (apart from A11.4) belong to the constructs of 
Enjoyment and Utility, which distinguish these constructs as being the ones that 
primary students found the most difficult to Strongly Agree with in science.  
A11.4 and each of the lower thresholds for Item A11 are closer to those for 
the Enjoyment items. 
 
Primary Science Survey (N = 379 L = 9 Probability Level= .50)                                 
-------------------------------------------------------------------------------- 
       ENJOYMENT  ASPIRATION UTILITY 
   
  4.0                            | 
                     XXXXXXXXX   | 
                            XX   | 
                                 | 
  3.0                 XXXXXXXX   | 
                             X   | 
               XXXXXXXXXXXXXXX   | 
                             X   |          U36.4 
  2.0         XXXXXXXXXXXXXXXX   |     E10.4 
               XXXXXXXXXXXXXXX   |     E34.4 E22.4 A11.4       U24.4    
              XXXXXXXXXXXXXXXX   |          U12.4 
                XXXXXXXXXXXXXX   |        A35.4 
  1.0        XXXXXXXXXXXXXXXXX   | 
            XXXXXXXXXXXXXXXXXX   |        A23.4 
                XXXXXXXXXXXXXX   | 
                  XXXXXXXXXXXX   |          U36.3 
   .0            XXXXXXXXXXXXX   |     E22.3 E34.3 
                       XXXXXXX   |     E10.3    A11.3    U12.3 
                        XXXXXX   |          U24.3 
                            XX   |     E22.2 
 -1.0                       XX   |     E34.2    A35.3 
                             X   |     E10.2    A23.3    U12.2 U36.2 
                             X   |        A11.2    U24.2 
                            XX   |        A35.2 
 -2.0                        X   |        A23.2 
                                 | 
                             X   | 
 -3.0                            | 
                                 | 
                                 | 
                                 | 
 -4.0                            | 
                                 | 
                                 | 
                                 | 
 -5.0                            | 
-------------------------------------------------------------------------------- 
  Each X represents    4 students 
Figure 5.7. Survey results for primary students for the three constructs of  
Productive Disposition towards science. 
The lowest item on the scale that primary students were more likely than not 
to Strongly Agree with was Item A23 – I really want to do well in science. The 
results show that 70% of the students were more likely than not to Strongly Agree 
with this item. This illustrates the result that primary students found it much easier to 
Strongly Agree with the statement that they want to do well in science than with the 
other eight statements.  
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In the results for primary science, students found it harder to Strongly Agree 
with the statements relating to the enjoyment of science and one of the statements 
relating to the usefulness of science, than those relating to their aspirations to do well 
and the other two statement relating to its usefulness.  
Overall, the Aspiration construct was the easiest of the three to be positively 
endorsed by primary students.  
As can be see in this Wright map, this pattern is repeated for the remaining 
thresholds, with each set of thresholds following a similar pattern for each of the 
three constructs. 
Figure 5.8 shows the results of the analysis of the survey responses for the 
secondary students and the three constructs of Productive Disposition towards 
science.  
SECONDARY SCIENCE                                                      
-------------------------------------------------------------------------------- 
Item Estimates (Thresholds)                                       
Secondary on Science (N = 379 L = 9 Probability Level= .50)                      
-------------------------------------------------------------------------------- 
      ENJOYMENT ASPIRATION UTILITY 
 5.0                      XXX    | 
                                 | 
                                 | 
                             X   | 
  4.0                       XX   | 
                         XXXXX   |        U36.4 
                             X   |    E10.4 E22.4 
  3.0                  XXXXXXX   |    E34.4   A11.4 
                        XXXXXX   | 
                                 |        U12.4 U24.4 
                      XXXXXXXX   | 
  2.0                XXXXXXXXX   |      A35.4 
                                 | 
                      XXXXXXXX   | 
              XXXXXXXXXXXXXXXX   |      A23.4 
  1.0                XXXXXXXXX   | 
               XXXXXXXXXXXXXXX   |        U36.3 
                           XXX   |    E22.3 
   .0            XXXXXXXXXXXXX   |    E10.3 E34.3  A11.3 
                   XXXXXXXXXXX   | 
                    XXXXXXXXXX   |        U12.3 U24.3 
                      XXXXXXXX   | 
 -1.0                  XXXXXXX   | 
                       XXXXXXX   |      A35.3 
                     XXXXXXXXX   |    E22.2 
                             X   |    E34.2 
 -2.0                      XXX   |    E10.2   A23.3   U36.2 
                             X   |      A11.2 
                            XX   |        U12.2 U24.2 
 -3.0                      XXX   | 
                            XX   |      A23.2 A35.2 
                                 | 
                            XX   | 
 -4.0                            | 
                                 | 
                             X   | 
                                 | 
 -5.0                            | 
                                 | 
-------------------------------------------------------------------------------- 
  Each X represents    2 students 
   
Figure 5.8. Survey results for secondary students for the three constructs of  
Productive Disposition towards science. 
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The highest threshold on the scale was U36.4. A comparison of the thresholds 
U36.4 and A23.4 in Figure 5.8 shows that the likelihood of a students Strongly 
Agreeing with the statement U36 – What I learn in science helps me in everyday life 
– is lower than the likelihood of Strongly Agreeing with the statement A23 – I really 
want to do well in science – as the data indicates that only 22 secondary students 
were more likely than not to Strongly Agree with Item U36, compared to a much 
larger number for Item A23.  
The next highest thresholds on the scale were E10.4 and E22.4, closely 
followed by E34.4 and A11.4 – the three items belonging to the construct of 
Enjoyment, plus Item 11, which has previously been seen to follow a similar pattern 
to the results for the Enjoyment items.  
The lowest question on the scale that secondary students were more likely 
than not to Strongly Agree with was Item 23 – I really want to do well in science. 
The results show that 33% of the students were more likely than not to Strongly 
Agree with this item. This illustrates the result that secondary students found it much 
easier to Strongly Agree with the statement that they want to do well in science than 
the other eight statements.  
As can be seen in this Wright map, this pattern is repeated for threshold 3 
with this threshold following a similar pattern for the three constructs. Threshold 2 
varies slightly in that item U36 is no longer the highest item in the scale. 
In the results for secondary science, students found it hardest to Strongly 
Agree with the statements relating to the enjoyment of science and the one item 
relating to the usefulness of science in everyday life.  
 
In summary, primary students were much more positive about mathematics 
than secondary students. This was particularly true for Enjoyment, where 60% to 
70% of primary students Agreed or Strongly Agreed to the three statements 
attributed to this construct, as opposed to between 39% and 50% of secondary 
students. Primary students were also much more likely to regard mathematics as 
useful than secondary students, with between 90% and 97% of primary students 
Agreeing or Strongly Agreeing with the three statements related to the construct of 
Utility, compared with 70% to 83% of secondary students. Results were mixed for 
the statements relating to Aspiration, with much less difference between primary and 
secondary students, especially for the statement related to wanting to do well in 
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mathematics, which showed no significant difference and was Agreed or Strongly 
Agreed with by over 95% of all students. In general, statements related to Enjoyment 
of mathematics were the hardest for both primary and secondary students to endorse. 
The results for science were similar, although the extent of endorsement of 
the statements was different. Again primary students were much more positive about 
science than secondary students. This was particularly true for Enjoyment, where 
around 80% of primary students Agreed or Strongly Agreed to the three statements 
attributed to this construct, as opposed to around 60% of secondary students. Primary 
students were also much more likely to regard science as useful than secondary 
students, with between 72% and 86% of primary students Agreeing or Strongly 
Agreeing with the three statements related to the construct of Utility, compared with 
48% to 69% of secondary students. Both primary and secondary students wanted to 
do well in science and liked to try hard, with around 94% of primary students 
Agreeing or Strongly Agreeing to these statements, compared to 90% and 83% for 
secondary students. In the case of science, the hardest statement for both primary and 
secondary students to endorse was the one relating to science being useful in 
everyday life. 
As has already been suggested above, both primary and secondary students 
were much more likely to enjoy science than mathematics. On the other hand, both 
primary and secondary students were much more likely to find mathematics useful 
than science. For primary students, there was no difference in their aspirations to do 
well and try hard in mathematics and science. However, secondary students were 
much more likely to want to do well in mathematics than in science. 
 
5 .  5  C o r r e l a t i o n s  b e t w e e n  t h e  t h r e e  c o n s t r u c t s  
 
The Rasch analysis used students’ responses for the nine items from the 
student survey in each of mathematics and science to assign an individual logit score 
for each student for each of the three constructs of Enjoyment, Aspiration, and 
Utility, as well as an overall logit score for Productive Disposition. Appendix 13 
shows these logit scores for mathematics for the three constructs of Enjoyment, 
Aspiration, and Utility for eight primary students. For example, Student 5 received a 
score of 0.4 for the construct of Enjoyment, a score of 2.04 for Aspiration and a score 
of 0.98 for Utility.  
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This section explores the relationships between these three constructs of 
Enjoyment, Aspiration, and Utility, using Pearson’s correlation (r) to measure the 
correlation between students’ logit scores for each of these constructs. A two-tailed 
test for statistical significance was carried out using XLStatistics (Carr, 2004) to give 
the probability levels (p).  
The range of correlation coefficients is from -1 to +1. When Pearson’s r is 
close to zero there is little correlation, but as the value of r nears positive 1 or 
negative 1, then it can be said that there is a strong relationship between the two 
variables under consideration.  
Table 5.10 gives the significance levels for Pearson’s r for different sample 
sizes. 
Table 5.10  
Critical Values for Pearson’s r 
 Level of significance for two-tailed test 
N 0.10 0.05 0.02 0.01 
5 .669 .754 .833 .874 
10 .497 .576 .658 .708 
15 .412 .482 .558 .606 
25 .323 .381 .445 .487 
30 .296 .349 .409 .449 
60 .211 .250 .295 .325 
100 .164 .195 .230 .254 
Source: 
www.une.edu.au/WebStat/unit_materials/c6_common_statistical_tests/test_signif_pearson.html 
 
Table 5.10 illustrates how the significance of Pearson’s r varies as N varies. 
For a given value of r, its statistical significance varies with the sample size N. As 
the size of N increases, lower correlation values become more significant.  
The degree of freedom (df) is equal to 2 less than the number of subjects (N) 
in this study and the alpha level used is 0.05. This value is often used in educational 
research. (www.gifted.unconn.edu/siegle/research/Correlation/alphaleve.htm) 
In order to establish the relative strengths of the correlations between the 
three sub-scales of Enjoyment, Aspiration, and Utility, the correlations were 
subjected to a U test (Maier, 2009), which provides a significance estimate of the 
difference between two correlations. As U was calculated as a two-tailed test, it is 
reported as |U|. 
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5.5.1  Correlations between the subscales for mathematics 
Table 5.11 shows the correlations between primary mathematics students’ 
scores for the three constructs of Enjoyment, Aspiration, and Utility.  
 
Table 5.11 
Correlations between primary students’ scores on the three constructs of Productive 
Disposition in mathematics (N = 417) 
 Enjoyment Aspiration Utility 
 
Enjoyment 
 
1.00 
 
0.63*** 
 
0.35*** 
    
 
Aspiration 
  
1.00 
 
0.40*** 
    
 
Utility 
   
1.00 
    
 
   Notes:  * p<0.05; ** p<0.01; ***p<0.001. 
 
The results show that all three correlations were statistically significant at the 
p<0.001level. Enjoyment and Aspiration showed the highest level of correlation  
(r = 0.63) suggesting that primary mathematics students who enjoy mathematics also 
aspire to do well. The correlations between Aspiration and Utility (r = 0.40) and 
Enjoyment and Utility (r = 0.35) were lower. While this indicates a weaker 
relationship between Utility and both Enjoyment and Aspiration, these correlations 
are still moderately strong and statistically highly significant.  
The significance of the difference in correlation values between 
Enjoyment and Aspiration, and Enjoyment and Utility, for primary mathematics 
was p< 0.001 (|U| = 5.41, N = 417). This difference is highly significant, and 
indicates a much stronger correlation between the Enjoyment and Aspiration 
sub-scales, than those for Enjoyment and Utility. The significance of the 
difference in the correlation values between Utility and Aspiration, and Utility 
and Enjoyment was p<0.05 (|U| = 0.84, N = 417), indicating that Utility 
correlates more significantly with Aspiration than with Enjoyment. 
The relatively strong, and highly significant, correlations suggest that the 
overall survey data can be considered a good indicator of the existence of a single 
Productive Disposition scale, at least for primary mathematics.   
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Table 5.12 
Correlations between secondary students’ scores on the three constructs of 
Productive Disposition in mathematics (N = 379) 
 Enjoyment Aspiration Utility 
 
Enjoyment 
 
1.00 
 
0.49*** 
 
0.36*** 
    
 
Aspiration 
  
1.00 
 
0.54*** 
    
 
Utility 
   
1.00 
    
   Notes:  * p<0.05; ** p<0.01; ***p<0.001. 
 
Table 5.12 shows the correlations between secondary mathematics students’ 
scores for the three constructs of Enjoyment, Aspiration, and Utility.  
Again, the results show that all three correlations were statistically significant 
at the p<0.001level. For secondary students, however, the Aspiration and Utility 
showed the highest level of correlation (r = 0.54) suggesting that secondary 
mathematics students who find mathematics useful also aspire to do well. The 
correlations between Enjoyment and Aspiration (r = 0.49) and Enjoyment and Utility  
(r = 0.36) while lower, were still moderately strong and statistically highly 
significant.   
The significance of the difference in correlation values between 
Enjoyment and Aspiration, and Enjoyment and Utility, for secondary 
mathematics was p< 0.05 (|U| = 2.18, N = 379). This difference is significant, 
and indicates a stronger correlation between the Enjoyment and Aspiration sub-
scales than those for Enjoyment and Utility. The significance of the difference in 
the correlation values between Utility and Aspiration, and Utility and Enjoyment 
was p<0.01 (|U| = 3.12, N = 379) indicating that Utility correlates more 
significantly with Aspiration than with Enjoyment. 
Again, the relatively strong, and highly significant, correlations suggest that, 
as was the case for primary mathematics, the overall survey data can be considered a 
good indicator of the existence of a single Productive Disposition scale.  
5.5.2.  Correlations between the subscales for science 
Tables 5.13 and 5.14 show the correlations between primary and secondary 
students’ scores for the three constructs of Enjoyment, Aspiration, and Utility for 
science, respectively. 
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Table 5.13 
Correlations between primary students’ scores on the three constructs of Productive 
Disposition in science (N = 379) 
 Enjoyment Aspiration Utility 
 
Enjoyment 
 
1.00 
 
0.68*** 
 
0.47*** 
    
 
Aspiration 
  
1.00 
 
0.47*** 
    
 
Utility 
   
1.00 
    
                  Notes:  * p<0.05; ** p<0.01; ***p<0.001. 
 
Again, Table 5.13 shows that all three correlations were statistically 
significant at the p<0.001level. As was the case for primary mathematics, Enjoyment 
and Aspiration showed the highest level of correlation (r = 0.68) suggesting that 
primary students who enjoy science also aspire to do well. The correlations between 
Enjoyment and Utility (r = 0.47) and Aspiration and Utility (also r = 0.47) were 
lower. While this indicates a weaker relationship between Utility and both 
Enjoyment and Aspiration, than between Enjoyment and Aspiration, these 
correlations are, again, still moderately strong and statistically highly significant.  
The significance of the difference in correlation values between 
Enjoyment and Aspiration, and Enjoyment and Utility, for primary science was 
p< 0.001 (|U| = 4.27, N = 417). This difference is highly significant, and 
indicates a much stronger correlation between the Enjoyment and Aspiration 
sub-scales, than those for Enjoyment and Utility. The significance of the 
difference in the correlation values between Utility and Aspiration, and Utility 
and Enjoyment was p> 0.05 (|U| = 0, N = 417) indicating that Utility correlates 
equally significantly with both Aspiration and Enjoyment. 
Table 5.14 
Correlations between secondary students’ scores on the three constructs of 
Productive Disposition in science (N = 379) 
 Enjoyment Aspiration Utility 
 
Enjoyment 
 
1.00 
 
0.66*** 
 
0.52*** 
    
 
Aspiration 
  
1.00 
 
0.62*** 
    
 
Utility 
   
1.00 
    
   Notes:  * p<0.05; ** p<0.01; ***p<0.001. 
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Again, Table 5.14 shows that all three correlations were statistically 
significant at the p<0.001level. As was the case for both primary mathematics and 
science, Enjoyment and Aspiration showed the highest level of correlation (r = 0.66) 
suggesting that secondary science students who enjoy science also aspire to do well. 
The correlations between Enjoyment and Utility (r = 0.52) and Aspiration and Utility  
(r = 0.62) were lower. While this indicates a weaker relationship between Utility and 
both Enjoyment and Aspiration, than between Enjoyment and Aspiration, these 
correlations are, again, still strong and statistically highly significant.  
The significance of the difference in correlation values between 
Enjoyment and Aspiration, and Enjoyment and Utility, for secondary science 
was p< 0.01 (|U| = 2.97, N = 379). This difference is significant, and indicates a 
stronger correlation between the Enjoyment and Aspiration sub-scales, than 
those for Enjoyment and Utility. The significance of the difference in the 
correlation values between Utility and Aspiration, and Utility and Enjoyment 
was p<0.05 (|U| = 2.04, N = 379) indicating that Utility correlates more 
significantly with Aspiration than with Enjoyment. 
Once again, as was the case for the primary and secondary survey results for 
mathematics, for both the primary and secondary science survey results, the 
relatively strong and highly significant correlations suggest that the overall survey 
data can be considered a good indicator of the existence of a single Productive 
Disposition scale.  
In summary, primary and secondary students’ scores for Enjoyment, 
Aspiration and Utility, while showing slightly different patterns and degrees of 
correlation, were moderately to highly, and statistically highly significantly, 
correlated across all pairs of constructs for both mathematics and science.  
These results support the notion that these three constructs contribute to a 
single Productive Disposition scale. Students’ overall scores from the survey will 
therefore be used in Chapters 7 and 8 to represent Productive Disposition as a 
single aspect of capability. 
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CHAPTER 6  COGNITIVE ASPECTS OF CAPABILITY IN 
MATHEMATICS AND SCIENCE 
 
The seven aspects of capability, as shown in Table 4.3, can be separated into 
two distinct domains of skills and behaviours – affective and cognitive. “Cognitive 
processing activities are those thinking activities that people use to process learning 
content” (Vermunt, 1996, p. 26), while affective factors refer to beliefs, values, 
motivations, and attitudes towards educational learning. 
This chapter investigates the relationships between the six cognitive aspects 
of student capability: Factual Knowledge (FK), Conceptual Understanding (CU), 
Skills and Procedures (SP), Inquiry (IN), Reasoning (RE), and the Nature of 
Mathematics/ Science (NM /NS). The data were obtained from the written and 
performance assessments for primary and secondary students. Productive Disposition 
(PD), the other, affective, aspect of student capability, was discussed in Chapter 5. 
The data for that aspect were obtained from the Student Survey and will be used 
again in Chapter 7. 
 
6 . 1  C o g n i t i v e  a s p e c t s  o f  s t u d e n t  c a p a b i l i t y  i n  p r i m a r y  
m a t h e m a t i c s  
 
The data regarding cognitive aspects of student capability were obtained from 
the written and performance assessments for primary and secondary students. The 
written assessments consisted of two booklets of items to be completed by each 
student, one for mathematics and one for science. These booklets were customized 
for each school, based on the curriculum audit described in Chapter 4. Items were a 
mix of multiple-choice and short answer responses. Some of the short answer tasks 
included more than one part, each of which was scored as a separate item.  In 
mathematics there were a total of 69 items, of which 36 were part of the assessments 
for primary mathematics, while in science there were a total of 90 items, of which 55 
were primary. These primary mathematics items included 6 link items that were part 
of both the primary and the secondary assessments. An example of a primary 
mathematics assessment booklet is shown in Appendix 6. 
Students were randomly selected to take part in the performance assessments. 
The items were all from The Third International Mathematics and Science Study 
(Harmon et al., 1997). There were 13 tasks, 11 of them similar across both Grades 4 
and 8. One task was unique to Grade 4 and one to Grade 8. Each set of 12 tasks 
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included five science tasks, five mathematics tasks and two combination tasks, 
integrating mathematics and science content and skills areas. Each task consisted of a 
number of parts, resulting in a total of 40 performance items for primary 
mathematics. (See Table 4.12 for a summary of the data sources related to the 
aspects of student capability.)  
In the written and performance assessments for primary mathematics, the 
aspects of capability were not equally represented by the number of items, which 
meant that Skills and Procedures had a large number of items in this category (31 out 
of the total of 76, compared to Factual Knowledge (3 items) and Nature of 
Mathematics (3 items). It had not been intended to assess Factual Knowledge, 
however on further review of the items, 3 primary mathematics items were 
reclassified as relating to Factual Knowledge. Also Inquiry was only represented in 
the performance assessment, which was completed by fewer primary students than 
the written assessment. (Refer to Chapter 4 for a detailed discussion of the number of 
items involved in the written and performance assessment).  
6.1.1 Item difficulty for primary mathematics  
Item Response Theory (IRT) was used in order to analyse and report data 
from the ordinal scales from the students’ written and performance assessment. A 
common scale was constructed using Rasch modelling, wherein the intervals have 
meaning and the scores can be subjected to statistical analysis of the relationship 
between the aspects of capability. 
Figure 6.1 uses a Wright map (Wright & Masters, 1982) to represent the data 
from the written and performance assessments for the six cognitive aspects of 
capability for primary students in mathematics. This is a visual representation of the 
data results and due to size constraints does not include every result for the data 
analysis. The scale of the graph typically ranges from positive 5 to negative 5 – in 
this case it stops at negative 3 as there were no items or students listed below this 
point. In this case also, each x on the left hand side of the graph represents 3 
students. The right hand side of the map lists all the items from the primary students’ 
written and performance mathematics assessment, ordered according to their level of 
difficulty based on students’ responses.  
As explained in Chapter 4, the written assessment consisted of open response 
and multiple-choice items. Multiple-choice items, for example Item 4, were only 
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scored as correct or incorrect, and therefore appear just once on the Wright map as a 
single integer.  
--------------------------------------------------------------------------------------------------------------------------------------------------------                                
        |RE71.2 
       | 
  5.0       | 
       | 
       | 
       | 
       | 
                                 |SP64.5 
       |IN82.3 
                                 | 
  4.0                            | 
                                 | 
                                 | 
                                 | 
                                 | 
                                 | 
                                 |IN92.2 
                                 | 
  3.0                            |RE97.2 
                                 | 
                                 | 
                                 | 
                                 | 
                                 |IN107.2 
                                 | 
                                 | 
                             X   |IN101 
  2.0                            |NM36 
                            XX   | 
                                 |IN82.2   IN98.2 
                            XX   |RE77.2   IN92.1  IN100.2 
                            XX   |RE80.2 
                            XX   |SP58     IN91.7 
                         XXXXX   |RE86.3   IN91.6   IN95.2   IN105.2 
                        XXXXXX   |RE35.5   RE99.2 
  1.0                     XXXX   |RE25.5   RE35.4   NM38.5   RE42 
                      XXXXXXXX   |IN91.4   IN91.5   CU94.2   IN98.1 
                XXXXXXXXXXXXXX   |NM38.4   SP41     SP49     RE81.3   RE97.1 
              XXXXXXXXXXXXXXXX   |RE25.4   RE35.3   SP53.5   RE54.4   IN82.1 
             XXXXXXXXXXXXXXXXX   |CU16     NM38.3   RE75     IN109.2 
       XXXXXXXXXXXXXXXXXXXXXXX   |SP56     IN93.2 
           XXXXXXXXXXXXXXXXXXX   |SP34.3   SP34.4   SP34.5   RE35.2   SP53.4 
             XXXXXXXXXXXXXXXXX   |SP34.2   FK39     SP48     RE50     SP51.4 
   .0            XXXXXXXXXXXXX   |SP33.5   SP51.2   SP51.3   RE52.5   SP53.2 
                   XXXXXXXXXXX   |SP33.2   SP33.3   SP33.4   RE35.1   CU46 
                         XXXXX   |RE25.3   SP47     RE52.1   RE79.2   IN84.1 
                             X   |SP64.4   RE78.2 
                            XX   |SP34.1   SP43.3   SP53.1   SP64.2   SP64.3 
                            XX   |SP33.1   NM37.3   RE78.1   SP90.1   IN93.1 
                                 |SP43.2   SP73.1 
                                 |NM37.1   NM37.2   SP61     SP87.2   CU94.1 
 -1.0                            |RE25.2   SP51.1   RE54.2   SP63.1   SP63.2 
                                 |RE25.1   SP45.3   SP76.1   SP76.2   SP87.1 
                                 |IN103.1 
                                 |SP44.2   IN107.1 
                                 |CU20     SP44.1   RE62 
                                 |SP45.2 
                                 |IN105.1 
                                 |CU4      FK40     RE77.1 
 -2.0                            |SP72.2 
                                 |SP43.1 
                                 | 
                                 |SP74 
                                 |SP102 
                                 | 
                                 | 
   |SP60 
 -3.0                            | 
------------------------------------------------------------------------------------- 
N = 528 Each X represents 3 students  
Figure 6.1. Wright map of results for primary students’ written and performance 
assessment in mathematics 
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The open response items were scored using partial credit and therefore can 
appear multiple times on the Wright map as decimal numbers – for example as 92.2. 
This represents the threshold between a response scoring 1 or 2 on Item 92. In Figure 
6.1 the 36 written open response and multiple-choice items have item numbers in the 
range 1 to 69. The performance items are numbered from 70 to 109. Most 
performance items were scored using partial credit and therefore these also appear 
multiple times. They were completed by both primary and secondary students in 
mathematics. 
Each item on the Wright map is preceded by the letters FK, SP, CU, RE, IN, 
or NM (NS in the case of science), to indicate its classification as one of the six 
cognitive aspects of capability (Factual Knowledge, Skills and Procedures, 
Conceptual Understanding, Reasoning, Inquiry, Nature of Mathematics or Nature of 
Science, respectively).   
Figure 6.1 shows both the items and the students located on the same scale. 
The items near the top of the scale had a higher level of difficult and the students 
near the top displayed higher ability on this assessment than those near the bottom of 
the scale. That is, as we go down the scale, the items became easier and the students 
display lower ability. Item difficulty shows a spread of approximately 8 logits (from 
–3.0 to +5.0) and student ability spanned approximately 3 logits (from –0.5 to +2.1).  
The fact that 71.2 appeared at the top of the scale indicates that students 
found giving a level 2 response for Item 71 was the most difficult in the written and 
performance assessment. Item 71 was classified as Reasoning and was a performance 
item. It was an open response question, requiring students to give a clear explanation 
of what they noticed about the numbers they recorded in a table after throwing dice a 
number of times. This item was done by both primary and secondary students and 
therefore appears on both the primary and secondary Wright maps for the written and 
performance assessment (see also Figure 6.2). This result was not unexpected as 
Reasoning – “the capacity for logical thought, reflection, explanation and 
justification” (see Chapter 4, Table 4.3) – is seen as requiring a high level of 
understanding and thinking and is therefore difficult for most students (Voss et al. 
1991, p. vii). 
The next highest item on the scale for primary mathematics students was Item 
64, with a logit score of 4.53 for threshold 5. Item 64 was also an open response 
question, classified as Skills and Procedures. It required students to read a graph and 
record the amount of milk sold weekly and provide a clear explanation as to how 
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students reached their conclusion. The marking scheme had five score points for this 
item. To reach the top threshold – i.e. 64.5 – students needed to provide a correct 
calculation and a clear verbal explanation of the correct procedure. The other 
thresholds for this item were located below zero and were much easier for primary 
students to achieve. The logit scores for 64.4, 64.3, 64.2 and 64.1 were –0.38, –0.48, 
–0.48 and –1.03, respectively (see also Appendix 14).  
The results indicate that it is much harder for students to achieve the upper 
thresholds in an open response question than to achieve a correct answer on a 
multiple-choice question. These thresholds are located at the higher end of the 
Wright map and are mostly above zero.  
Apart from Item 64, all the items to be found near the top of the Wright map 
– in this case, above 2 logits – are from the performance assessment, indicating that 
primary students found these items to be more difficult than those from the written 
assessments.  
The next item near the top of the Wright map from the written assessment was Item 
36 (logit score of 2.01), which was classified as the Nature of Mathematics. Item 36 
is shown below in Figure 6.2. 
Figure 6.2. Mathematics written assessment Item 36 – Triangles Multiple Choice.  
This was a difficult multiple-choice question, with this particular aspect of 
capability, Nature of Mathematics, requiring students to have “an understanding of 
how knowledge claims are established, and the contexts and ways in which 
mathematics and science are applied” (see Chapter 4, Table 4.3).  
36.  TRIANGLES MULTIPLE CHOICE 
Jill tore the corners off a triangle. 
 She fitted them together to make a straight line (180º). 
 
 
 
 
 
 
Jill said that this PROVED that the three angles of a triangle ALWAYS make a 
straight line (180º). 
 
Is Jill correct? 
 
A.  Yes, because it looks straight 
B.  Yes, because the torn off corners did make a straight line 
C.  No, because she showed it for only one triangle 
D.  No, because not all triangles have the same shape 
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The lowest item on the scale – that is, the easiest item for primary students – 
was Item 60. This was classified as Skills and Procedures. Item 60 is shown below in 
Figure 6.3.  
 
60.     TREES IN TABLE 
The graph shows 500 cedar trees and 150 hemlock trees. 
 
 
How many trees does each represent? 
 
A.      5  
B.       6  
C.    100 
D.   650  
Figure 6.3. Mathematics written assessment Item 60 – Trees in Table. 
It was a multiple-choice question that required students to read a simple table 
and calculate the number of trees represented by the symbols. This result is not 
unexpected as this item only required a low level of skill with students only being 
asked to locate the information presented in a table and perform a simple 
mathematical calculation to find the correct answer.  
As can be seen in Figure 6.1, the written items (which can be identified by 
their item numbers being between 1 and 69) were easier for the primary students of 
mathematics to answer correctly than the items from the performance assessment 
(those with item numbers greater than 69).  
6.1.2  Correlations between the cognitive aspects of student capability for primary 
mathematics 
Pearson’s correlation (r) was used to measure the relationship between the 
aspects of student capability. A two-tailed test for statistical significance was carried 
out using XLStatistics (Carr, 2004) to give the probability levels (p).  
Table 6.1 shows the correlations between the six cognitive aspects of student 
capability for primary mathematics: FK, CU, SP, IN, RE and NM. Each aspect of 
1
2
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student capability was assessed using a number of items. As can be seen in Table 6.1, 
the number of items representing each aspect varied. 
 In the case of aspects of capability with short scales (that is with very few 
items), such as Nature of Mathematics, correlations are unreliable, as scores are 
distributed at a limited number of points on the relevant axis. This provides a false, 
near zero, correlation co-efficient no matter how many cases there are. The number 
of matched pairs for which data is available will also have an effect on the statistical 
significance associated with the correlations. The more matched pairs there are, the 
higher the statistical significance associated with any given level of correlation. 
However, statistical significance is not as important as the correlation co-efficient 
itself.  
 
Table 6.1 
Correlations between the six cognitive aspects of student capability for primary 
mathematics students based on the written and performance assessments (N = 525) 
  FK CU SP IN RE NM 
 Number of items 3 7 31 15 17 3 
 Number of students 361 524 525 141 525 522 
FK r 1 0.08 0.07 0.24**    0.09* –0.02 
 n  360 361 106 361 358 
CU r  1  0.44*** 0.08  0.19*** –0.26*** 
 n   524 140 524 521 
SP r   1 0.19*  0.40*** -0.11 
 n    141 525 522 
IN r    1  0.29*** 0.00 
 n     141 141 
RE r     1 0.13** 
 n      522 
NM r      1 
 
Notes:  r = correlation coefficient 
n = number of pairs 
* p<0.05; ** p<0.01; ***p<0.001. 
 
Results in Table 6.1 show that the strongest correlation between the six 
cognitive aspects of student capability for primary mathematics was between 
Conceptual Understanding (CU) and Skills & Procedures (SP) (r = 0.44), followed 
by Skills and Procedures (SP) and Reasoning (RE) (r = 0.40). Both of these were 
significant at the p<0.001 level. 
The next strongest positive correlations were between Inquiry (IN) and 
Reasoning (RE) (r = 0.29), and Inquiry (IN) and Factual Knowledge (FK) (r = 0.24). 
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In the latter case, even though relatively few pairs of students completed items 
addressing Inquiry, the correlation was significant at the p<0.001 level. However, as 
stated earlier, due to the very short scale for Factual Knowledge (3 items only), very 
little store can be placed on the correlation between Inquiry (IN) and Factual 
Knowledge (FK). 
Conceptual Understanding (CU) and Nature of Mathematics (NM) had a 
negative correlation co-efficient of r = – 0.26, which was also statistically significant 
at the p<0.001 level. However, due to the very short scale for Nature of Mathematics 
(3 items only), this negative correlation is again unreliable. 
Due to the large number of pairs, the correlation between Conceptual 
Understanding (CU) and Reasoning (RE) was also significant at the p<0.001 level. 
However the actual correlation co-efficient was only r = 0.19.    
The strongest correlations for primary students of mathematics were found 
between Skills and Procedures (SP) and each of Conceptual Understanding (CU) and 
Reasoning (RE). The weakest correlation was between Nature of Mathematics (NM) 
and Inquiry (r = 0.00). 
6.1.3  Mean student scores by subscales for primary mathematics   
Table 6.2 shows the mean logit scores for students for the six cognitive 
aspects of capability for primary mathematics. For each aspect the Rasch scaling 
provided an ability estimate for each student. That is, each student received six 
ability estimates. The means of these estimates, in logits, are given in Table 6.2. 
 
Table 6.2 
Mean logit scores for students for cognitive aspects of capability in primary 
mathematics 
ASPECT OF 
CAPABILITY 
NUMER OF ITEMS MEAN STUDENT 
LOGIT SCORE 
FK 3 2.618 
CU 7 1.587 
SP 31 0.627 
IN 15 0.189 
RE 17 0.470 
NM 3 0.910 
 
Factual Knowledge was the easiest aspect of capability, with students having 
a mean logit score of 2.618. In contrast, Inquiry was the most difficult aspect, with 
students having a mean score of 0.189 logits, followed by Reasoning with a mean of 
0.470. 
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This is not unexpected as Factual Knowledge is regarded as being at a lower 
level than some of the other aspects, requiring only a simple “knowledge of 
mathematical and scientific facts and procedures” (see Chapter 4, Table 4.3).  
However Inquiry requires a higher level of thinking – “the capacity to design 
and implement mathematical and scientific investigations and problem solving 
processes” – and students had more difficulty with the items classified under this 
aspect.  
The results for primary students of mathematics clearly show that Inquiry and 
Reasoning were the most difficult items for these students. These items can be 
viewed as ones that require in-depth answers and the demonstration of higher order 
thinking skills in students.  
Factual Knowledge and Conceptual Understanding items were the easiest for 
these primary students of mathematics. Such items are typically classified as 
requiring lower order thinking skills than Inquiry and Reasoning items. 
 
6 . 2  C o g n i t i v e  a s p e c t s  o f  s t u d e n t  c a p a b i l i t y  i n  
s e c o n d a r y  m a t h e m a t i c s  
 
Similar to the primary mathematics assessments, the aspects of capability 
were not equally represented in terms of the number of items in the written and 
performance assessments for secondary mathematics. Skills and Procedures had a 
large number of items (25 out of a total of 79) compared to Factual Knowledge (3 
items) and Nature of Mathematics (3 items). As was the case for the primary 
assessments, Inquiry was only represented in the performance assessment, which was 
completed by fewer secondary students than the written assessment.  
6.2.1 Item difficulty for secondary mathematics  
Figure 6.4 uses a Wright map to represent the data from the written and 
performance assessments for the six cognitive aspects of capability for secondary 
students in mathematics. 
Item difficulty shows a spread of approximately 8 logits (from –3.02 to 
+5.19), while student ability spanned approximately 6 logits (from –1.0 to +5.0).  
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Figure 6.4. Wright map of results for secondary students’ written and  
performance assessment in mathematics. 
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As was the case for the primary mathematics assessments, the open response 
and multiple-choice items from the written assessment items have item numbers in 
the range 1 to 69, while and the performance items are numbered from 70 to 109. 
Again, 71.2 appeared at the top of the scale in Figure 6.4 with a logit score of 
5.19. Item 71 was an item from the performance assessment that was done by both 
primary and secondary students, which was classified as Reasoning. 
The next highest item on the scale for secondary mathematics students was 
Item 82, with a logit score of 4.21 for threshold 3, indicating that students found it 
difficult to give a level 3 response for item 82. Item 82 is shown in Figure 6.5. 
 
82. CALCULATORS 
 Joe tells Alison that he multiplied two whole numbers together using a calculator and the  
answer was 455, but he has forgotten the numbers. 
 
 He can remember two things about them: 
• both numbers had two digits 
• both numbers were less than 50. 
•  
Alison tried several numbers. She began by putting 7 x 64 into the calculator. 
Joe said, “I can give you at least three reasons why these numbers can’t be the ones I used.” 
 
What were Joe’s reasons? 
 
After thinking a bit about the problem, Alison made some more tries and found the two  
numbers. 
• Now you try to find the numbers Alison found. 
•  
You may use any method you like. 
Write down each of your tries here: 
 
Figure 6.5. Performance assessment Item 82 – Calculators. 
This item was classified as Inquiry. It was also an open response question 
from the performance assessment, requiring sophisticated problem solving strategies 
to solve a problem using the calculator, and to explain their reasoning behind their 
choice of solutions. The other thresholds for this item were located lower on the scale 
and were much easier for secondary students to answer, with logit scores of 1.7 and 
0.56 for the thresholds of 82.2 and 82.1, respectively (see Appendix 14). This result 
is not unexpected for Inquiry.  
The four items found nearest the top of the Wright map in Figure 6.4, which 
were the only items above 3 logits, were all from the performance assessment. They 
were also classified as Reasoning or Inquiry items, with two in each category.  
The first item from the written assessment to appear near the top of the 
Wright map was Item 67, with a logit score of 2.75 for threshold 5. This item was an 
open response item that was classified as Reasoning. It required students to study a 
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number of diagrams of smaller triangles within a square, observe the pattern, and 
then calculate the number of small triangles in larger figures. To reach the top 
threshold – i.e. 67.5 – students needed to provide a clear explanation of how they 
reached a solution for Figure 50, without drawing the triangles. The other thresholds 
for this item were located lower on the scale (see Appendix 14). Again, this result is 
not unexpected. Item 67 is shown in Figure 6.6. 
 
 
67.   TRIANGLES OPEN RESPONSE 
 The figures below are divided into small triangles as shown. 
How many small triangles make up Figure 3?
 
 Write your answer in the table on the answer sheet. 
 
Find the number of small triangles that would make up the fourth figure if the  
figures were continued. 
 
 Write your answer in the table on the answer sheet. 
 
Find the number of small triangles that would make up the seventh figure if the  
figures were continued. 
 
Write your answer in the table on the answer sheet. 
 
Explain how you could find the number of triangles that make Figure 50 without  
drawing it and counting the triangles. 
Figure 6.6. Mathematics written assessment Item 67 – Triangles Open Response. 
 
The lowest item on the scale, that is, the easiest item for secondary students 
was Item 14 – see Figure 6.7. This item was classified as Factual Knowledge and 
was a multiple-choice question that asked students to read a simple set of bathroom 
scales and calculate the weight shown on the scales. Again, this result was not 
unexpected as this particular question was a simple problem that required no 
reasoning or higher order skills in order to find the correct answer.  
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14.      WEIGHT ON SCALE 
 What is the weight (mass) shown on the scale? 
 
 
 
 
 
 
 A.  153 g 
 B.  160 g 
 C.  165 g 
 D.  180 g 
 
Figure 6.7. Mathematics written assessment Item 14 – Weight on Scale. 
6.2.2  Correlations between the cognitive aspects of student capability for 
secondary mathematics  
 
Table 6.3 shows the correlations between the six cognitive aspects of student 
capability for secondary mathematics. 
 
Table 6.3 
Correlations between the six cognitive aspects of student capability for secondary 
mathematics students based on the written and performance assessments (N = 269) 
 
  FK CU SP IN RE NM 
 Number of items 3 12 25 15 21 3 
 Number of students 201 261 269 79 269 261 
FK r 1 0.03 0.07 0.14 0.02 0.14* 
 n  201 201 55 201 201 
CU r  1 0.20*** 0.19 0.23*** 0.27*** 
 n   261 70 261 261 
SP r   1 0.35*** 0.30*** 0.26*** 
 n    78 269 261 
IN r    1 0.30** 0.11 
 n     77 70 
RE r     1 0.10* 
 n      261 
NM r      1 
Notes:  r = correlation coefficient 
n = number of pairs 
* p<0.05; ** p<0.01; ***p<0.001. 
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Results from the correlations between the six cognitive aspects of student 
capability for secondary mathematics reveal that the strongest correlation was 
between Inquiry (IN) and Skills and Procedures (SP) (r = 0.35), followed by 
Reasoning (RE) and both Skills and Procedures (SP) and Inquiry (IN) (both with  
r = 0.30). All of these were significant at the p<0.001 level. 
The next strongest correlations were between Nature of Mathematics (NM) 
and Conceptual Understanding (CU) (r = 0.27), and Nature of Mathematics (NM) 
and Skills and Procedures (SP) (r = 0.26). In these cases the correlations were also 
significant at the p<0.001 level. However, as stated earlier, due to the very short 
scale for Nature of Mathematics (3 items only), very little store can be placed on the 
correlation between Nature of Mathematics (NM) and either Conceptual 
Understanding (CU) or Skills and Procedures (SP). 
The correlations between Conceptual Understanding (CU) and Reasoning 
(RE), Skills and Procedures (SP), and Inquiry (IN) showed correlations of r = 0.23, 
0.20 and 0.19, respectively, with the first two of these also being significant at the 
p<0.001 level. 
In summary, the strongest correlations in secondary mathematics were 
between Skills and Procedures (SP) and Inquiry (IN), and between Reasoning (RE) 
and each of Skills and Procedures (SP) and Inquiry (IN). The weakest correlation 
was between Factual Knowledge (FK) and Reasoning (RE) (r = 0.02). 
So, across primary and secondary mathematics, Skills and Procedures (SP) 
was the aspect of capability that showed the strongest correlations with Conceptual 
Understanding (CU) for primary and with Inquiry (IN) for secondary. For both 
primary and secondary mathematics, the next strongest correlations were between 
Reasoning (RE) and both Skills and Procedures (SP) and Inquiry (IN).  
6.2.3  Mean student scores by sub-scales for secondary mathematics  
Table 6.4 shows the mean logit scores for students for the six cognitive 
aspects of capability for secondary mathematics. 
Factual Knowledge was the easiest aspect of capability, with students having 
a mean logit score of 2.811, while Inquiry was the most difficult aspect, with 
students having a mean score of 0.418 logits. 
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Table 6.4 
Mean logit scores for students for cognitive aspects of capability in secondary 
mathematics 
ASPECT OF 
CAPABILITY 
NUMER OF ITEMS MEAN STUDENT 
LOGIT SCORE 
FK 3 2.811 
CU 12 1.148 
SP 25 0.753 
IN 15 0.418 
RE 21 0.509 
NM 3 0.563 
 
The results in Table 6.4 for secondary students in mathematics are similar to 
those for primary students (see Table 6.1). Both primary and secondary students 
found the Inquiry and Reasoning aspects of capability to be the most difficult and the 
easiest were Factual Knowledge and Conceptual Understanding. The other two 
aspects of capability, Skills and Procedures and the Nature of Mathematics were 
located in the middle, in reverse order for primary and secondary students.   
 
6 . 3  R e l a t i o n s h i p s  b e t w e e n  t h e  s i x  c o g n i t i v e  a s p e c t s  o f  
s t u d e n t  c a p a b i l i t y  f o r  m a t h e m a t i c s   
 
While there is no widely agreed level of correlation that can be described as 
“strong”, “moderate”, or “weak”, and “a statistically significant correlation is not 
necessarily an important one” (Taylor, 1990, p. 37), the results for the primary and 
secondary mathematics correlations for the six cognitive aspects of capability can 
reasonably be regarded as being weak to moderate, even though many were 
statistically significant (see Tables 6.1 and 6.3).  This suggests that the six cognitive 
aspects of capability can be viewed as distinct 
Figures 6.8 and 6.9 provide a graphical representation of the data from Tables 
6.2 and 6.4, showing primary and secondary students’ mean logit scores the six 
cognitive aspects of capability for mathematics, shown as distances from the centre 
of the scale (0 logits). 
As can be seen from Figures 6.8 and 6.9, the graphical results suggest an 
important finding. The mean logit scores for the cognitive aspects of capability in 
primary and secondary mathematics follow a similar pattern, with Factual 
Knowledge being by far the easiest aspect of capability for both sets of students and 
Inquiry, which requires students to “design and implement mathematical and 
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scientific investigations and problem solving processes” (see Table 4.3) being the 
most difficult capability for both primary and secondary mathematics students.  
 
 
Figure 6.8. Primary mathematics students’ mean logit scores for  
cognitive aspects of capability.  
 
Figure 6.9. Secondary mathematics students’ mean logit scores for  
cognitive aspects of capability.  
 
Both sets of data show a similar spread of approximately 2.4 logits, ranging 
from approximately +0.189 to +2.618 for primary students and +0.418 to +2.811 for 
secondary students.  
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As already mentioned in Section 6.2.3, the mean scores for primary and 
secondary students for the cognitive aspects of capability follow an almost identical 
order of difficulty, with only Skills and Procedures and Nature of Mathematics 
appearing in reverse order. Even though there was a variation in the number of items 
designated for each aspect of capability, students’ performance across the six aspects 
of capability can be seen as being consistent for primary and secondary mathematics. 
This also indicates that these six aspects of capability can be viewed as distinct. 
 
6 . 4  M u l t i - d i m e n s i o n a l  m o d e l l i n g  f o r  m a t h e m a t i c s  
 
In order to test the validity of the model of aspects of capability, the intention 
was to analyse the student data from the written and performance assessments with 
either a multi-dimensional Rasch model, or Confirmatory Factor Analysis (CFA).  
However, the structure of the IMYMS assessment instruments, as set out in 
Chapter 4, involved in part addressing the mathematics and science focus of each 
school. To this end assessments were constructed with a common core of items, and 
a range of specific topic-focussed items. This arrangement led to a cohort of 
approximately only thirty per cent of primary students doing one of the topic-
focussed item sets in mathematics, in addition to the set of core items. The situation 
for secondary mathematics and primary and secondary science was similar, with 
some item sets being undertaken by even smaller cohorts of students.  
Further, the Performance Assessment tasks were given to about a third of the 
total number of students, and each of these students responded to only a small 
number of the Performance items.  
As a consequence, the overall data set contained a large amount of missing 
data. For the purposes of the IMYMS project this was not an issue, as the use of 
Rasch analysis of the data provided all the necessary information for the project. 
However, for testing the hypothesized model of aspects of capability, the missing 
data poses a significant problem.  
In Confirmatory Factor Analysis, the missing data issue is addressed by four 
alternative strategies: one is to delete all respondents with missing data. This reduces 
the pool of data and in this case would entail the removal of all students as those who 
did not do the Performance Assessment (about two-thirds of the total students) would 
be removed, and all the remaining students would disappear as well, since only the 
core items were available to all students within the primary or secondary 
mathematics or science cohorts! A second strategy is to replace missing data with the 
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mean value obtained by students who responded to the item. Given that this would be 
a very small proportion of the total students cohort, adding their mean result to all 
those who did not attempt the item, would result in questionable outcomes in the 
analysis. Another strategy, the response pattern imputation strategy, suffers from a 
similar issue to the mean value replacement strategy, since when the majority of 
students have not responded to a particular item, the validity of the overall data set, 
as a true representation of the students’ capabilities is seriously compromised. 
Finally, the Maximum Likelihood Estimation strategy has more potential in this case, 
but Holmes-Smith (2010) states that in “the case with, say, more than half the 
variables missing and … [then] listwise delete such cases” (p. 10-3). Thus, 
attempting to use Maximum Likelihood Estimation technique would result in the 
IMYMS data set, in the end, being reduced to nothing. 
The use of a Multi-Dimensional Rasch analysis (Wu et al., 2000), on the 
other hand, has no issue with missing data. Further, as the data set consists of 
responses to items scored either dichotomously or with Partial Credit, a Partial Credit 
analysis could be undertaken for all items simultaneously.  
Following the strategy suggested by Wu et al. (2000) a uni-dimensional 
analysis was undertaken first, and then followed by the multi-dimensional model for 
the each of the data sets for primary and secondary mathematics (see Table 6.5). 
Table 6.5  
Details of the uni- and six-dimensional analyses for mathematics 
Model Deviance Number of 
parameters 
Chi square (df) Significance 
(p)* 
Primary data 
Uni-dimensional 21768.633 175 
531.84 (20) <0.0001 
Six-dimensional 21357.359 195 
Secondary data 
Uni-dimensional 10216.279 158 
43.088 (16) <0.0001 
Six-dimensional 10023.291 174 
*  All p values are significant at p < 0.001 
 
The reduction of 531.844 in the deviation between the uni- and six-
dimensional models for primary mathematics indicates that the six-dimensional 
model is representing the data structure better than the uni-dimensional model. 
Further, as the difference is distributed as chi-square with 20 degrees of freedom, the 
improvement is significant at p < 0.0001 (Harrel-Williams & Wolfe, 2014). 
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The results shown in Figure 6.5 indicate that the six-dimensional model is 
fitting the data for each group of students better than the uni-dimensional model. 
Further, the Conquest software provides regression co-efficients for each of the 
dimensions, thus providing an insight into the contribution of each individual 
dimension to prediction of total scores. In the case of primary mathematics, the 
regression equation for predicting Mathematical Capability (MC) is: 
MC =  0.902(SP) + 0.565(FK) + 0.493(NM) + 0.372(RE) + 0.137(CU) + 0.041(IN) 
where the aspects are: 
SP  – Skills and Procedures  
FK – Factual Knowledge  
NM – Nature of Mathematics 
RE – Reasoning  
CU – Conceptual Understanding  
IN  – Inquiry. 
 
For secondary mathematics, the regression equation is: 
MC =  1.260(FK) + 1.203(SP) + 1.123(NM) + 0.402(CU) + 0.300(IN) – 0.123(RE).  
This is quite different to that for primary mathematics, and needs some 
explanation. The first three aspects in both cases are the same, although the order is 
different (SP/FK/NM for primary; FK/SP/NM for secondary). While these three 
aspects are dominant, for both primary and secondary score predictions, the 
secondary values are much stronger contributors to the Mathematical Capability 
equation. The most unusual change is that Reasoning has gone from being 
moderately strong for Primary to slightly negative for Secondary!  
The answer to these differences may lie in the small scales for some aspects 
(NM and FK) and the differences in the items for the two cohorts of students.  
Table 6.6 shows the numbers of items per aspect for each student cohort. 
Table 6.6 
Number of mathematics items per aspect per cohort. 
Aspect Total* Primary items Secondary items Common items 
Skills & Procedures 42 17 11 14 
Reasoning 29 7 11 11 
Conceptual 
Understanding 
15 3 8 4 
Inquiry 15 0 0 15 
Factual Knowledge 6 3 3 0 
Nature of 
Mathematics 
4 1 1 2 
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It is noticeable that those aspects that have a reasonably even balance of items 
across the two cohorts, such as Nature of Mathematics, Factual Knowledge, and 
Inquiry, have similar order in terms of their relative contributions to the overall 
regression equations. Other differences are less easy to explain. For example, in 
terms of the number of unique items in the aspect of Reasoning (7 Primary, 11 
Secondary), Reasoning is placed higher for primary than secondary, whereas Skills 
and Procedures (17 Primary, 11 Secondary) is more highly placed for primary than 
secondary. 
Such results suggest that a careful item analysis needs to be conducted with 
trial data before item use in any large-scale investigation of student performance or 
test of dimensionality. However, this analytic regime is, unfortunately, beyond the 
scope of this study. 
 
6 . 5  C o g n i t i v e  a s p e c t s  o f  s t u d e n t  c a p a b i l i t y  i n  p r i m a r y  
s c i e n c e  
 
In the written assessments, there were a total of 55 science items, of which 10 
were link items between primary and secondary. The five science and two 
mathematics and science performance tasks, which were done by both primary and 
secondary students, contributed a total of 37 items to the written and performance 
assessments for science.  
As was the case for mathematics, the aspects of capability were not equally 
represented by the number of items in the written and performance assessments for 
primary science. In this case, Conceptual Understanding (CU) had the largest number 
of items in this category (41 out of 92), while Factual Knowledge (4 items) and 
Nature of Science (3 items) had the fewest. Also the aspect of Skills and Procedures 
(SP) was mainly represented in the performance assessment with 13 items compared 
to only 1 item in the written assessment, while Inquiry (13 of 18 items) and 
Reasoning (8 of 12 items) were also represented most strongly in the performance 
assessment. 
6.5.1  Item difficulty for primary science 
Figure 6.10 uses a Wright map to represent the data for the written and 
performance assessments for the six cognitive aspects of capability for primary 
students in science.  
Item difficulty shows a spread of approximately 8 logits (from –3.91 to 
+4.35), while student ability spanned approximately 5 logits (from –3.0 to +1.5).  
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In Figure 6.10, the open response and multiple-choice items from the written 
assessment items have item numbers in the range 1 to 90 and the performance items 
are numbered from 91 to 127. 
Again the fact that 124.2 appeared at the top of the scale indicates that 
students found giving a level 2 response for Item 124 was the most difficult in the 
written and performance assessment. Item 124 was classified as Skills and 
Procedures. It was an open response question from the performance assessment and 
required students to create a mass out of plasticine weighing 15g. It involved skills 
that required students to be able to read scales and accurately make the mass 
equalling 15g. The other threshold for this item, 124.1, was located near the other 
end of the Wright map with a logit score of –2.16, indicating that threshold 1 was 
much easier for primary science students to achieve. This item was done by both 
primary and secondary students and therefore appears on both the primary and 
secondary Wright maps for the written and performance assessment (see also Figure 
6.13). 
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Figure 6.10. Wright map of results for primary students’ written and  
performance assessment in science. 
The next highest item on the scale for primary science students was Item 104, 
with a logit score of 4.20 for threshold 2. Item 104 is shown in Figure 6.11. It was an 
open response question from the performance assessment, labelled Rubber Bands 
and was classified as Reasoning.  It required students to predict what the length of 
the band would be after adding a few more weights and justify their answer. This 
result is not unexpected as justification of reasoning is seen as a higher-order skill.  
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  104.   RUBBER BANDS 
 
Find out how the length of the rubber band changes as more and more rings 
are hung on it. 
 
This is what you should do: 
• Hang the metal nuts on to the paper clip one by one 
• Measure the length for each new ring 
• Record your measurements in the table. 
 
What do you think would be the length of the rubber band if you could  
add 2 more nuts than you have been given? 
 
Figure 6.11. Performance assessment Item 104 – Rubber Bands.  
 
The next highest item on the scale for primary science students was Item 77 
with a logit score of 3.76. Item 77 is shown below in Figure 6.12. 
77.       MEASURING EARTHQUAKES  
 
Earthquakes are measured using an instrument called: 
A.  a telescope 
B.  a seismograph  
C.  a thermometer 
D.  an anemometer 
 
Figure 6.12. Science written assessment Item 77 – Measuring Earthquakes.  
 
This item was classified as Factual Knowledge and was the highest item from 
the written assessment on the Wright map. One might have expected students to find 
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this item easy yet students had difficulty with this Factual Knowledge item that 
required them to use their prior “knowledge of mathematical and scientific facts and 
procedures” (Chapter 4, Table 4.3).  
The lowest threshold on the scale for primary science students was 100.2, 
with a logit score of –3.91. Item 100 was the first part of the Rubber Bands task (see 
Figure 6.11), which required students to place different weights onto a rubber band 
and record the length of the band. This was classified as Skills and Procedures. 
While it might seem surprising that the lowest threshold on the Wright map was at 
threshold 2 and not 1, of the 96 students who attempted the Rubber Bands task, only 
one failed to reach threshold 2 or 3, so no logit score was associated with threshold 1. 
This result is not unexpected as this particular question was a simple task that 
required no reasoning or higher order thinking in order to solve the problem. 
Students only needed to record their findings after completing a simple task. Skills 
and Procedures can be seen as “the skills involved in carrying out scientific 
procedures” (Chapter 4, Table 4.3). 
6.5.2  Correlations between the cognitive aspects of student capability for primary 
science  
Table 6.7 shows the correlations between the six cognitive aspects of student 
capability for primary science. 
 
Table 6.7 
Correlations between the six cognitive aspects of student capability for primary 
science students based on the written and performance assessments (N = 733) 
  FK CU SP IN RE NS 
 Number of items 4 41 14 18 12 3 
 Number of students 658 733 719 732 633 728 
FK r 1 .06* .03 .01 .06 -.02 
 n  658 646 658 560 654 
CU r  1 .22*** .24*** .19*** .20*** 
 n   719 732 633 728 
SP r   1 .22*** .10** .12*** 
 n    719 622 718 
IN r    1 .16*** .16*** 
 n     632 728 
RE r     1 .05 
 n      629 
NS r      1 
Notes:  r = correlation coefficient 
n = number of pairs 
* p < 0.05; ** p < 0.01; ***p < 0.001. 
 
Results from the correlations between the six aspects of student capability for 
primary science reveal that the strongest correlation in Table 6.5 was between 
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Inquiry (IN) and Conceptual Understanding) (r = 0.24) followed by Skills and 
Procedures (SP) with Conceptual Understanding (CU) (r = 0.22) and Inquiry (IN)  
(r = 0.22). These were all significant at the p<0.001 level. 
The next strongest correlations were obtained between Conceptual 
Understanding (CU) and both Nature of Science and Reasoning (RE) (both with  
r = 0.19). The correlations were significant at the p<0.001 levels, however, as stated 
earlier, due to the very short scale for Nature of Science (3 items only), very little 
store can be placed on the correlation between Conceptual Understanding (CU) and 
Nature of Science (NS). 
Inquiry (IN) with both Reasoning (RE) and Nature of Science (NS) had 
correlation co-efficients of r = 0.16, both of which were also statistically significant 
at the p<0.001 level. Again, due to the very short scale for Nature of Science, this 
correlation is unreliable. 
The strongest correlation for primary science was between Conceptual 
Understanding (CU) and Inquiry (IN). The weakest correlation for primary students 
of science was between Factual Knowledge (FK) and Inquiry (IN) (r = 0.01). 
6.5.3  Mean student capability by subscales for primary science  
Table 6.8 shows the mean logit scores for the aspects of capability in primary 
science. 
 
Table 6.8 
Mean logit scores for students for cognitive aspects of capability in primary science 
ASPECT OF 
CAPABILITY 
NUMER OF ITEMS MEAN STUDENT 
LOGIT SCORE 
FK 4 –1.037 
CU 41 –0.408 
SP 14 1.777 
IN 18 0.312 
RE 12 –0.564 
NS 3 –0.811 
 
Skills and Procedures was the easiest aspect of capability, with students 
having a mean logit score of 1.777.  In contrast Factual Knowledge was the was the 
most difficult aspect of capability, with students having a mean score of –1.037 
logits, followed by Nature of Science with a mean of –0.811. 
The results were quite different to those of primary mathematics students. 
Factual Knowledge was the easiest aspect of capability in primary mathematics 
results, yet it was the most difficult aspect of capability for primary science students. 
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Also Inquiry was the hardest aspect of capability for primary mathematics students 
yet it was the second easiest aspect of capability for primary science students.  
One reason for these differing findings between primary mathematics and 
science students for the capability of Inquiry may be the difference in the number of 
Inquiry items in the written and performance assessment. The written mathematics 
assessment contained no Inquiry items, with all Inquiry items being found in the 
performance assessment for primary mathematics students. However, in the primary 
science written assessment, there were 5 written Inquiry items in addition to the 13 
Inquiry items in the performance assessment.  
 
6 . 6   S u b s c a l e s  o f  s t u d e n t s ’  c a p a b i l i t y  i n  s e c o n d a r y  
s c i e n c e  
 
Similar to the primary science results, in the written and performance 
assessments for secondary science the aspects of capability were not equally 
represented by the number of items which meant that Conceptual Understanding had 
a large number of items in this category (33 out of a total of 82) compared to Factual 
Knowledge (2 items) and Nature of Science (4 items). Also Skills and Procedures 
was mainly represented in the performance assessment with only one item in the 
written assessment and thirteen items in the performance assessment.  
6.6.1  Item difficulty for secondary science  
Figure 6.13 uses a Wright map to represent the data from the written and 
performance assessments for the six cognitive aspects of capability for secondary 
students in science. 
Item difficulty shows a spread of approximately 8 logits (from –3.91 to 
+4.35), while student ability spanned approximately 4 logits (from –2.2 to +1.5).  
As was the case for the primary science assessments, the open response and 
multiple-choice items from the written assessment have item numbers in the range 1 
to 90 and the performance items are numbered from 91 to 127. 
Again the fact that 124.2 appeared at the top of the scale indicates that 
students found giving a level 2 response for Item 124 was the most difficult in the 
written and performance assessment. Item 124 was an item from the performance 
assessment that was done by both primary and secondary students.  This item was 
classified as Skills and Procedures. 
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Figure 6.13. Wright map of secondary students’ written and performance  
data for science. 
 
Again, as was the case for the primary assessments, the next highest item on 
the scale for secondary science students was Item 104, with a logit score of 4.20 for 
threshold 2. Item 104 was an open response was an item from the performance 
assessment, Rubber Bands (see Figure 6.11), that was done by both primary and 
secondary students that was classified as Reasoning.  
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Item 15 was the next highest on the scale, indicating that students found it to 
be the most difficult item from the written secondary science assessment. Item 15 is 
shown in Figure 6.14. 
 
  15.      TORCH BATTERY AND BULB  
The following diagrams show a torch battery and a bulb connected by wires 
to various substances. 
 
Which of the bulbs will light? 
A. 1 and 2 only 
B. 2 and 3 only 
C. 3 and 4 only 
D.   4 and 1 only 
 
Figure 6.14. Science written assessment Item 15 – Flashlight Battery and Bulb.  
 
This item was classified as Conceptual Understanding. It was a multiple-
choice question, requiring students to demonstrate understanding of the properties of 
different materials that conduct electricity. Conceptual Understanding can be 
described as “the comprehension of scientific concepts, operations and relations” 
(Chapter 4, Table 4.3).  
Again as was the case for primary science, the lowest threshold on the scale 
for secondary science students was 100.2, with a logit score of –3.91 (see Section 
6.4.1 for further discussion of Item 100). Similarly, the next lowest item was Item 94. 
Both items were classified as Skills and Procedures and required students to perform 
simple measurements and record their results. These items had the same logit scores 
for primary and secondary science as they were performance items that were 
completed by both primary and secondary students, which therefore appeared on 
both Wright maps.  
All of the "easiest" items for secondary science students were performance 
items. The easiest item for secondary students from the written science assessment 
was Item 62, with threshold 2 (i.e. 62.2) having a logit score of  –1. Item 62 is shown 
in Figure 6.15.  
This item was classified as Conceptual Understanding and was an open 
response question. 
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62.    ELECTRICAL AND LIGHT ENERGY – WHY? 
 
Electrical energy is used to power a lamp. 
Is the amount of light energy produced more then, less than, or the same as, 
 the amount of electrical energy used? 
Give a reason to support your answer. 
  
Figure 6.15. Science written assessment Item 62 – Electrical and Light Energy.  
 
In order to achieve a level 2 response, students were required to explain and 
understand the concepts about energy transformation. The results are not unexpected 
for Conceptual Understanding, which is “the comprehension of mathematical and 
scientific concepts, operations and relations” (Chapter 4, Table 4.3). 
6.6.2  Correlations between the cognitive aspects of student capability for 
secondary science   
 
Table 6.9 represents the correlations for the written and performance 
assessments for the six aspects of capability for secondary students in science. 
 
Table 6.9  
Correlations between the six cognitive aspects of student capability for secondary 
science students based on the written and performance assessments (N = 382) 
  FK CU SP IN RE NS 
 Number of items 2 33 14 17 12 4 
 Number of students 336 382 76 380 317 380 
FK R 1 –.12 –.12 -.04 –.03 –.08 
 N  336 62 335 317 335 
CU R  1 .14 .17** .13* .14** 
 N   76 380 317 380 
SP R   1 .18 –.10 –.02 
 N    76 75 76 
IN R    1 .03 .19*** 
 N     317 380 
RE R     1 .09 
 N      317 
NS R      1 
Notes:  r = correlation coefficient 
n = number of pairs 
* p < 0.05; ** p < 0.01; ***p < 0.001. 
 
These results are quite different from those obtained for primary science (and 
for both primary and secondary mathematics). The strongest correlation in Table 6.7 
was between Inquiry (IN) and Nature of Science (NS) (r = 0.19). While this was 
significant at the p<0.001 level, the correlation itself was quite weak.  The next 
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strongest correlation was between Skills and Procedures (SP) with Inquiry (IN)  
(r = 0.18), but due to the smaller number of pairs, this result was not statistically 
significant. The only other statistically significant correlations were between 
Conceptual Understanding (CU) and Inquiry (IN), Reasoning (RE), and Nature of 
Science (NS) (with r = 0.17, 0.13, and 0.14, respectively).  
Furthermore, unlike the previous cases for primary science and primary and 
secondary mathematics, six of the fifteen correlations were weakly negative. Again, 
while none of these results was statistically significant, the pattern of correlations for 
secondary science was quite different from the previous cases. There is no obvious 
reason for this. 
6.6.3  Mean student capability by subscales for secondary science  
Table 6.10 shows the mean logit scores for the aspects of capability in 
secondary science. 
 
Table 6.10 
Mean logit scores for students for cognitive aspects of capability in secondary 
science  
ASPECT OF 
CAPABILITY 
NUMER OF ITEMS MEAN STUDENT 
LOGIT SCORE 
FK 2 –2.436 
CU 33 –0.426 
SP 14 1.199 
IN 17 0.419 
RE 12 –1.146 
 NS 4 –0.506 
 
Skills and Procedures was the easiest aspect of capability with students 
having a mean logit score of 1.199. Factual Knowledge was the most difficult aspect, 
with students having a mean score of  –2.436 logits, followed by Reasoning with a 
mean score of  –1.146 logits. 
These results followed a similar pattern to those for primary science students 
(see Table 6.6). Skills and Procedures, Inquiry and Conceptual Understanding were 
the easiest aspects of capability for both primary and secondary science students, 
while Factual Knowledge was the most difficult. The other two aspects of capability, 
Reasoning and Nature of Science, were located in the middle, in reverse order for 
primary and secondary students.  
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6 . 7  R e l a t i o n s h i p  b e t w e e n  t h e  s i x  c o g n i t i v e  a s p e c t s  o f  
s t u d e n t  c a p a b i l i t y  f o r  s c i e n c e   
  
Figures 6.16 and 6.17 provide a graphical representation of the data from 
Tables 6.6 and 6.8, showing primary and secondary students’ mean logit scores for 
the six cognitive aspects of capability for science, shown as distances from the centre 
of the scale (0 logits). 
 
Figure 6.16. Primary science students’ mean logit scores for  
cognitive aspects of capability.  
  
 
Figure 6.17. Secondary science students’ mean logit scores for  
cognitive aspects of capability.  
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The results for the primary and secondary science correlations for the six 
cognitive aspects of capability were even weaker than for mathematics, even though 
many were statistically significant (see Tables 6.5 and 6.7), again suggesting that that 
these six aspects of capability can be viewed as distinct. 
Further, Figures 6.16 and 6.17 again suggest an important finding. The mean 
logit scores for the cognitive aspects of capability in primary and secondary science 
follow a similar pattern. In this case Factual Knowledge, which requires students to 
have a prior “knowledge of mathematical and scientific facts and procedures” (Table 
4.3), was the most difficult capability for both primary and secondary science 
students. The easiest capability for both sets of students was Skills and Procedures.  
As discussed in Chapter 4, it was not intended initially to assess Factual 
Knowledge in either mathematics or science, and it was only after further analysis of 
the data and items that some items were reclassified as Factual Knowledge. The main 
reasons for planning to exclude Factual Knowledge was that, without a mandated 
curriculum, the curriculum content at the different schools (and even between classes 
at the same school) varied considerably. This was confirmed by the Curriculum 
Audit (see Chapter 4) and was particularly evident for science where even for the 
same learning outcomes quite different content was used. So it is not surprising that 
the Factual Knowledge items were the most difficult in science.  
In this case, the two sets of data showed a different spread, with the primary 
science students having a spread of approximately 2.8 logits (from –1.037 to +1.777) 
and a spread of 3.6 logits (from –2.436 to + 1.199) for secondary students. Most of 
the difference in spread can be accounted for by the difference between the difficulty 
levels for Factual Knowledge. 
As already mentioned in Section 6.5.3, the mean scores for primary and 
secondary students for the cognitive aspects of capability follow an almost identical 
order of difficulty, with only Reasoning and Nature of Science appearing in reverse 
order.  
 Even though there was a variation in the number of items designated for each 
aspect of capability, students’ performance across the six aspects of capability can be 
seen as being consistent for primary and secondary science. This indicates that these 
six cognitive aspects of capability can be viewed as distinct. 
The connections between the aspects of capability across mathematics and 
science will be investigated in Chapter 8.  
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6 . 8  M u l t i - d i m e n s i o n a l  m o d e l l i n g  f o r  s c i e n c e  
 
As discussed earlier in Section 6.4, the validity of the model of aspects of 
capability for mathematics was assessed using a multi-dimensional Rasch model. 
Reasons that were given for not using Confirmatory Factor Analysis (CFA). These 
reasons apply to both mathematics and science. 
In this case of science, a uni-dimensional analysis was also undertaken first, 
then followed by a multi-dimensional analysis of the primary and secondary data sets 
for science. Table 6.11 shows the results for primary science. 
 
Table 6.11  
Details of the uni- and six-dimensional analyses for primary science 
Model Deviance Number of parameters 
Uni-dimensional 16882.724 161 
Six-dimensional 16601.695 181 
 
The reduction of 281.029 in the deviation between the uni- and six-
dimensional models indicates that the six-dimensional model is representing the data 
structure better than the uni-dimensional model. Further, as the difference is 
distributed as chi-square with 20 degrees of freedom, the improvement is significant 
at p < 0.0001 (Harrel-Williams & Wolfe, 2014). 
A similar analysis was conducted for Secondary science, and the results are 
shown in Table 6.12 below.  
Table 6.12  
Details of the uni- and six-dimensional analyses for secondary science 
Model Deviance Number of parameters 
Uni-dimensional 9387.602 112 
Six-dimensional 9373.723 132 
 
The reduction of 13.879 in the deviation between the uni- and six-
dimensional models indicates that the six-dimensional model again represents the 
data structure slightly better than the uni-dimensional model. However, as the 
difference is distributed as chi-square with 20 degrees of freedom, the improvement 
is not significant at p < 0.05 (Harrel-Williams & Wolfe, 2014). Thus the results 
indicate that the six-dimensional model does not fit the data for the secondary group 
of students significantly better than the uni-dimensional model.  
However, as the Conquest software provides regression co-efficients for each 
of the dimensions, it provides an insight into the contribution of each individual 
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dimension to prediction of total scores. In the case of primary science, the regression 
equation for predicting Primary Science Capability (SC) is: 
SC =  1.267(SP) + 1.087(NS) + 1.039(FK) + 0.170(RE) + 0.062(IN) – 0.002(CU). 
For secondary science, the regression equation is: 
SC =   0.542(SP) + 0.365(IN) + 0.127(R) – 0.092(FK) -0.303(CU) – 1.670(NS).  
This is quite different to that for primary science, although the first aspect in 
both cases is the same, and CU is negative in both cases. While SP is dominant, for 
both primary and secondary score estimates, the secondary value is a much less 
strong contributor to the Science Capability prediction. On the other hand, Reasoning 
is approximately the same contributor for both primary and secondary estimates, but 
ranks differently.  
The answer to these differences may lie in the small scales for some aspects 
(NoM and FK) and the differences in the items for the two cohorts of students. Table 
6.13 shows the numbers of items per aspect for each student cohort. 
 
Table 6.13  
Number of science items per aspect per cohort. 
Aspect Total* Primary items Secondary items Common items 
Skills & Procedures 14 14 14 14 
Reasoning 22 11 12 1 
Conceptual 
Understanding 
65 37 32 4 
Inquiry 30 16 16 2 
Factual Knowledge 6 4 2 0 
Nature of Science 4 3 4 3 
 
It is noticeable that the aspects of capability for science are more balanced in 
terms of the number of items than was the case for mathematics. This makes 
differences in their relative contributions to the regression equations more difficult to 
explain. 
The small improvement in using a six-dimensional model for secondary 
science is not statistically significant at p < 0.01, quite different to that for primary 
science where p<0.0001, raising the issue that the original model of aspects of 
capability used in this thesis is less appropriate for secondary science, but not 
necessarily so for all science: research is needed to corroborate the current findings.  
 
The results of these analyses provide a range of interesting findings about 
student performances and relationships between the aspects of capability being 
assessed. 
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In the written and performance assessments for primary mathematics, the 
aspects of capability were not equally represented by the number of items, with 
Skills and Procedures having the most items (31) and Factual Knowledge and Nature 
of Mathematics (3 items each) the least. Wright maps were used to represent the 
written and performance item difficulties in a simple visual manner, with open 
response items scored using partial credit and thus appearing multiple times on the 
Wright maps. 
Correlations between the cognitive aspects of student capability showed that 
Skills and Procedures (SP) had the strongest correlations with Conceptual 
Understanding (CU) for primary mathematics and with Inquiry (IN) for secondary 
mathematics, while for both primary and secondary the next strongest correlations 
were between Reasoning (RE) and both Skills and Procedures (SP) and Inquiry (IN). 
The mean logit scores for the cognitive aspects of capability for students of 
primary and secondary mathematics follow a similar pattern, with Factual 
Knowledge being by far the easiest aspect of capability for both groups of students 
and Inquiry being the most difficult capability for both groups.  
The results of the multi-dimensional modelling of the data indicate that the 
six-dimensional model fits the data for both groups of students better than the uni-
dimensional model, the improvement for both primary and secondary student data 
being significant at p < 0.0001. 
With respect to the two regression equations, the first three aspects, for both 
groups of students, were the same, although the order is different (SP/FK/NM for 
primary; FK/SP/NM for secondary). While these three aspects are dominant, for both 
primary and secondary score predictions, the secondary values are much stronger 
contributors to the Mathematical Capability regression equation. The most unusual 
difference was that Reasoning had gone from being a moderately strong contributor 
to the primary equation, to a being a slightly negative contributor to the secondary 
equation.  
Turning to the science results, the strongest correlation for primary science 
was between Conceptual Understanding (CU) and Inquiry (IN), with the weakest 
correlation was between Factual Knowledge (FK) and Inquiry (IN). These results are 
quite different to those for primary mathematics students, as Factual Knowledge was 
the easiest aspect of capability in primary mathematics, yet it was the most difficult 
aspect of capability for primary science students, albeit with the same students. 
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Further, unlike the previous cases for primary science and primary and 
secondary mathematics, six of the fifteen correlations for secondary science were 
weakly negative. Although none of these results was statistically significant, the 
pattern of correlations for secondary science was quite different from the previous 
three cases, and for this there is no obvious reason. 
An important finding was that the mean logit scores for the cognitive aspects 
of capability in primary and secondary science follow a similar pattern, as did 
primary and secondary mathematics. In the case of science Factual Knowledge was 
the most difficult capability for both primary and secondary science students, with 
Skills and Procedures the easiest, in contrast to mathematics, where Factual 
Knowledge was the easiest and Inquiry the most difficult. 
The multi-dimensional modelling for primary science showed that the six-
dimensional model made a significant improvement, at p < 0.0001, over the uni-
dimensional model, but that for secondary science the results indicated that the six-
dimensional model is not fitting the data for the secondary group of students 
significantly better than the uni-dimensional model at p<0.05.  
Thus the results of the analyses, for both correlations and multi-dimensional 
modelling, show that both within and across subject areas, there are a range of 
similarities and differences. The significance, if any, of these will be discussed in a 
later chapter. 
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CHAPTER 7  WRITTEN, PERFORMANCE AND SURVEY 
ASSESSMENTS 
 
As noted in Chapter 2, there is evidence in the literature that the context of 
assessment plays a significant role in student performance, and display of capability. 
This chapter will firstly explore the relationship between students’ scores for 
Productive Disposition and the six cognitive aspects of capability, within each of 
mathematics and science. 
It will then investigate the relationships between students’ scores on the 
written, performance and survey assessments. And finally this chapter will report on 
teachers’ and students’ attitudes towards the performance assessments.  
 
7 . 1  R e l a t i o n s h i p s  b e t w e e n  P r o d u c t i v e  D i s p o s i t i o n  a n d  
t h e  c o g n i t i v e  a s p e c t s  o f  s t u d e n t  c a p a b i l i t y   
 
This study adopted a view of Productive Disposition as the ability “to see a 
sense in mathematics [or science], to perceive it as both useful and worthwhile, and 
to see oneself as an effective learner and doer of mathematics [or science]” (see 
Table 4.3). As explained in Chapters 4 and 5, Productive Disposition was assessed 
using a survey with 9 items – 3 each for the constructs of Enjoyment, Aspiration, and 
Utility. Based on the relatively strong correlations between students’ scores on these 
aspects, it was concluded in Chapter 5 that these could be used together to represent 
Productive Disposition as a single aspect of capability. 
In Chapter 6 relationships between six cognitive aspects of student capability 
were explored using Pearson’s correlation (r) and a two-tailed test for significance to 
give the probability levels (p) – see XLStatistics (Carr, 2004).  
This section will use the same analysis tools to examine the relationships 
between the seventh aspect of capability from the model, Productive Disposition 
(PD), and the six cognitive aspects: Factual Knowledge (FK), Conceptual 
Understanding (CU), Skills and Procedures (SP), Inquiry (IN), Reasoning (RE), and 
Nature of Mathematics (or Science) (NM or NS).  
The following four tables repeat the tables from Chapter 6, but also include 
Productive Disposition in the last column. The discussion will only focus on the 
relationships between Productive Disposition and the six cognitive aspects of 
capability. 
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7.1.1 Relationships between Productive Disposition and cognitive aspects of 
capability for primary mathematics 
 
Table 7.1 shows the results of the correlations between the seven aspects of 
student capability for primary mathematics.  
 
Table 7.1  
Correlations between the seven aspects of student capability for primary 
mathematics students (N = 525) 
  PRIMARY MATHEMATICS 
  FK CU SP IN RE NM PD 
Number of items 3 7 31 15 17 3 9 
Number of students 353 513 514 140 514 511 277 
FK r 1 0.08 0.10* 0.24* 0.08 –0.03 0.06 
 n  353 353 105 353 350 202 
CU r  1 0.44*** 0.06 0.19*** –0.26 –0.01 
 n    524 139 524 521 277 
SP r   1 0.19* 0.40*** –0.10 0.05 
 n    141 525 522 277 
IN r    1 0.29*** –0.005 –0.05 
 n     141 141 81 
RE r     1 0.13** 0.12* 
 n      522 277 
NM r      1 –0.03 
 n       275 
PD r       1 
Notes: N = number of students  
r = correlation coefficient 
n = number of pairs 
* p<0.05; ** p<0.01; ***p<0.001. 
 
As discussed previously in Chapter 6, correlations are unreliable for 
capabilities with short scales (that is with very few items, such as Nature of 
Mathematics) as scores are distributed at a limited number of points on the relevant 
axis. The number of matched pairs for which data is available will also have an effect 
on the statistical significance associated with the correlation results. The more 
matched pairs there are the higher the statistical significance associated with any 
given level of correlation. However, statistical significance is not as important as the 
correlation co-efficient itself.  
As can be seen in Table 7.1, there was virtually no correlation between 
Productive Disposition (PD) and the six cognitive aspects of capability for primary 
mathematics students. The only statistically significant correlation was between 
Productive Disposition (PD) and Reasoning (RE), with a correlation of r = 0.12. 
However this correlation is very weak and statistically it is only significant at the 
p<0.05 level.  
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7.1.2 Relationships between Productive Disposition and cognitive aspects of 
capability for secondary mathematics 
 
Table 7.2 shows the results of the correlations between the seven aspects of 
student capability for secondary mathematics.  
 
Table 7.2 
Correlations between the seven aspects of student capability for secondary 
mathematics students (N = 270) 
  SECONDARY MATHEMATICS 
  FK CU SP IN RE NM PD 
Number of items 3 12 25 15 21 3 9 
Number of students 201 261 270 79 269 261 183 
FK r 1 0.03 0.07 0.14 0.02 0.14* –0.004 
 n  201 201 55 201 201 119 
CU r  1 0.20*** 0.19 0.23*** 0.27*** 0.02 
 n   261 70 261 261 154 
SP r   1 0.35*** 0.30*** 0.26*** 0.05 
 n    78 269 261 160 
IN r    1 0.30** 0.11 –0.01 
 n     77 70 50 
RE r     1 0.1* –0.15 
 n      261 159 
NM r      1 –0.03 
 n       154 
PD r       1 
Notes: N = number of students  
r = correlation coefficient 
n = number of pairs 
* p<0.05; ** p<0.01; ***p<0.001. 
 
As was the case for primary mathematics, Table 7.2 shows that there was 
virtually no correlation between Productive Disposition (PD) and the six cognitive 
aspects of capability for secondary mathematics students. The exception was the 
negative correlation of r = –0.15 between Productive Disposition (PD) and 
Reasoning (RE), however this correlation was very weak and was not statistically 
significant, even at the p<0.05 level. 
7.1.3 Relationships between Productive Disposition and cognitive aspects of 
capability for primary science  
 
Table 7.3 shows the results of the correlations between the seven aspects of 
student capability for primary science.  
As was the case for primary and secondary mathematics, Table 7.3 shows 
that there was virtually no correlation between Productive Disposition (PD) and the 
six cognitive aspects of capability for primary science students.  
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Table 7.3 
Correlations between the seven aspects of student capability for primary science 
students (N = 733)  
 
  PRIMARY SCIENCE 
  FK CU SP IN RE NS PD 
Number of items 4 41 14 18 12 3 9 
Number of students 658 733 719 732 633 728 328 
FK r 1 .06* .03 .01 .06 –.02 –0.06 
 n  658 646 658 560 654 288 
CU r  1 .22*** .24*** .19*** .20*** –0.11* 
 n   719 732 633 728 328 
SP r   1 .22*** .10** .12*** –0.00 
 n    719 622 718 324 
IN r    1 0.16*** 0.16*** –0.02 
 n     632 728 327 
RE r     1 .05 –0.05 
 n      629 290 
NS r      1 –0.01 
 n       326 
PD r       1 
Notes: N = number of students  
r = correlation coefficient 
n = number of pairs 
* p<0.05; ** p<0.01; ***p<0.001. 
 
The only statistically significant correlation was between Productive 
Disposition (PD) and Conceptual Understanding (CU), with a negative correlation of 
r = –0.11. However this correlation is very weak and statistically it is only significant 
at the p<0.05 level.  
7.1.4 Relationships between Productive Disposition and cognitive aspects of 
capability for secondary science  
 
Table 7.4 shows the results of the correlations between the seven aspects of 
student capability for secondary science.  
As was the case for primary and secondary mathematics and primary science, 
Table 7.4 shows that there was virtually no correlation between Productive 
Disposition (PD) and the six cognitive aspects of capability for secondary science 
students.  
Taken overall, these results suggest that there is virtually no correlation 
between Productive Disposition (PD) and the six cognitive aspects of capability for 
primary and secondary mathematics and science. At face value, this would suggest 
that Productive Disposition (PD) is independent of the other aspects of capability in 
the model underpinning this thesis.  
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Table 7.4 
Correlations between the seven aspects of student capability for secondary science 
students (N = 382) 
 
  SECONDARY SCIENCE 
  FK CU SP IN RE NS PD 
Number of items 2 33 14 17 12 4 9 
Number of students 336 382 76 380 317 380 205 
FK r 1 –.12 –.12 –.04 –.03 –.08 0.08 
 n  336 62 335 317 335 192 
CU r  1 .14 .17** .13* .14** –0.07 
 n   76 380 317 380 205 
SP r   1 .18 –.10 –.02 –0.00 
 n    76 75 76 44 
IN r    1 .03 .19 0.04 
 n     317 380 205 
RE r     1 .09 0.01 
 n      317 171 
NS r      1 0.09 
 n       205 
PD r       1 
Notes: N = number of students  
r = correlation coefficient 
n = number of pairs 
* p<0.05; ** p<0.01; ***p<0.001. 
 
 
While this lack of correlation between Productive Disposition and the six 
cognitive aspects of capability may seem, at first sight, somewhat surprising, a study 
by Ogura (2006, cited in Tytler & Osborne, 2012) showed a strong negative 
correlation between students’ mean scores by country on science achievement and 
the percentage of students with high scores on positive attitude towards science in the 
1999 Third International Mathematics and Science Study (TIMSS). While some of 
the reason for this may be cultural, it nevertheless underscores the fact that positive 
attitude towards science (and mathematics) is not a guarantee of high scores on 
achievement measures. 
 Another issue here is the fact that, of necessity, Productive Disposition was 
measured using the proxy of the scores on the student survey, which focused on 
Enjoyment, Aspiration and Utility. As Tytler and Osborne (2012) point out, the 
validity of an instrument for measuring attitudes depends on a well-developed, 
carefully elaborated theoretical argument for the underlying constructs. While the 
results from Chapter 5 suggest that the three constructs of Enjoyment, Aspiration and 
Utility, could reasonably be synthesized into a single construct, it is less clear that the 
survey addressed all of the aspects underlying the definition of Productive 
Disposition as used in this thesis. 
 
 
 
 170
7.2 Relationships between written, performance and survey 
assessments  
 
This section explores the relationships between the written, performance and 
survey assessments within each of mathematics and science.  Correlations were 
calculated between students’ overall logit scores for the written assessments (WRI), 
performance assessments (PER) and surveys (abbreviated here as PD to indicate that 
the survey was used to assess Productive Disposition). In addition, all students who 
completed either the written or performance assessments, or both, obtained a 
combined written and performance logit score (abbreviated here as W&P). This logit 
score represents their overall score across the six cognitive aspects of capability in 
mathematics or science. Students, however, were not given an overall score across all 
seven capabilities. 
Table 7.5 shows the percentage of students who undertook the performance 
items when compared with the total numbers of students who obtained a score for 
written and performance combined. 
 
Table 7.5 
Percentage of students who completed the performance assessments by subject and 
level 
SUBJECT LEVEL PERFORMANCE* 
Mathematics Primary 28% 
Mathematics Secondary 32% 
Science Primary 25% 
Science Secondary 24% 
Notes: * indicates percentage of students completing performance assessment   
compared to total written and performance combined 
 
So for students who did not take part in the performance assessments, their 
logit scores for the combined written and performance (W&P) assessments and the 
written assessments (WRI) were identical.  
Also, as explained in Section 4.3.5, students taking part in the performance 
assessment completed between two and four tasks each, depending on the length of 
the tasks they had been assigned and the time taken to complete these. So typically 
they only attempted a fraction of the items for performance – perhaps around 30% of 
the items. 
The tables in the remainder of this section will show the correlations obtained 
between students’ combined written and performance scores (W&P), their written 
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scores (WRI), their performance scores (PER), and their survey scores (PD) in 
mathematics and science.  
7.2.1 Written, performance and survey assessments for primary mathematics  
 
Table 7.6 shows the correlations between primary students’ combined written 
and performance scores (W&P), their written scores (WRI), their performance scores 
(PER), and their survey scores (PD) for mathematics. 
 
Table 7.6 
Correlations between written, performance and survey assessments for primary 
mathematics students (N = 525)  
 
 
P 
R 
I 
M 
A 
R 
Y 
  
M 
A 
T 
H 
S 
 
 
 
Number of items 
PRIMARY MATHEMATICS  
W&P WRI PER PD 
76 36 40 9 
 N   525 525 146 295 
W&P r 1 0.98*** 0.53*** 0.07 
 n  525 146 295 
WRI r  1 0.28*** 0.07 
 n   146 295 
PER r   1 –0.01 
 n    88 
PD 
 
r 
n 
   1 
Notes: N = number of students  
r = correlation coefficient 
n = number of pairs 
* p<0.05; ** p<0.01; ***p<0.001. 
 
Table 7.6 shows the correlations between primary students’ combined written 
and performance scores (W&P), their written scores (WRI), their performance scores 
(PER), and their survey scores (PD) for mathematics. 
Not surprisingly, the strongest correlation for primary mathematics students 
was between their combined written and performance scores (W&P) and their 
written scores (WRI), with r = 0.98, which was significant at the p<0.001 level. This 
was to be expected as only a small proportion of the students (28%) received a score 
on the performance assessment and so most students had identical scores for 
combined written and performance (W&P) and written (WRI). 
The next strongest correlation for primary mathematics students was between 
their combined written and performance scores (W&P) and their performance scores 
(PER), with r = 0.53, which was also significant at the p<0.001 level. Again, since 
these 146 students had their performance scores incorporated in their combined 
written and performance scores, this was not surprising.  
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There was a weaker correlation between primary students’ written (WRI) 
scores for mathematics and their performance (PER) scores, with r = 0.28, which 
was still significant at the p<0.001 level. This last result suggests that the 
performance assessment measures different skills and understandings from the 
written assessment. This can be explained partly by the uneven distribution of items 
relating to the different aspects of capability on the written and performance 
assessments, but it is still worth noting, both because it was difficult to include the 
full range of capabilities in the written assessments (for example, in the case of 
mathematics, Inquiry was only represented in the performance assessments) and 
because, even in the case of capabilities that were more evenly distributed, it may be 
important to use both written and performance assessments. 
As was the case in Section 7.1.1, there was virtually no correlation for 
primary mathematics between the results from the survey and scores from either the 
written or performance assessments or both combined. 
7.2.2 Written, performance and survey assessments for secondary mathematics  
 
Table 7.7 shows the correlations between secondary students’ combined 
written and performance scores (W&P), their written scores (WRI), their 
performance scores (PER), and their survey scores (PD) for mathematics. 
 
Table 7.7 
Correlations between written, performance and survey assessments for secondary 
mathematics students (N = 271) 
S 
E 
C 
O 
N 
D 
A 
R 
Y 
  
M 
A 
T 
H 
S 
 
 
 
Number of items 
SECONDARY MATHEMATICS  
W&P WRI PER PD 
79 39 40 9 
 N   271 261 83 183 
W&P r 1 0.98*** 0.56*** –0.03 
 n  261 83 161 
WRI r  1 0.35** –0.06 
 n   83 154 
PER r   1 –0.13 
 n    53 
PD 
 
r 
n 
   1 
Notes: N = number of students  
r = correlation coefficient 
n = number of pairs 
* p<0.05; ** p<0.01; ***p<0.001. 
 
The results for secondary mathematics are almost identical to those for 
primary mathematics and therefore are not discussed here. 
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7.2.3 Written, performance and survey assessments for primary science  
 
Table 7.8 shows the correlations between primary students’ combined written 
and performance scores (W&P), their written scores (WRI), their performance scores 
(PER), and their survey scores (PD) for science. 
 
Table 7.8 
Correlations between written, performance and survey assessments for primary 
science students (N = 733) 
P 
R 
I 
M 
A 
R 
Y 
  
S 
C 
I 
E 
N 
C 
E 
 
 
 
Number of items 
PRIMARY SCIENCE  
W&P WRI PER PD 
92 55 37 9 
 N   733       733 182 328 
W&P r 1 .97*** .71*** –.07 
 n  429 182 328 
WRI r  1 .33*** –.09 
 n   182 328 
PER r   1 .08 
 n    108 
PD 
 
r 
n 
   1 
Notes: N = number of students  
r = correlation coefficient 
n = number of pairs 
* p<0.05; ** p<0.01; ***p<0.001. 
 
Again, the results for primary science are very similar to those for both 
primary and secondary mathematics. The main difference is that there was a much 
stronger correlation between combined written and performance (W&P) and 
performance (PER) for primary science (r = 0.71***) than for either primary or 
secondary mathematics (r = 0.53*** and 0.56***, respectively). 
Reasons for this difference have not been explored but may warrant further 
investigation. 
7.2.4 Written, performance and survey assessments for secondary science  
 
Table 7.9 shows the correlations between secondary students’ combined 
written and performance scores (W&P), their written scores (WRI), their 
performance scores (PER), and their survey scores (PD) for science. 
 
Again, the results for secondary science are very similar to those for both 
primary and secondary mathematics, and for primary science, except that there is 
virtually no correlation between students’ scores on the written (WRI) and 
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performance (PER) assessments. Again, reasons for this difference have not been 
explored but may warrant further investigation. 
 
Table 7.9 
Correlations between the written, performance and survey assessments for 
secondary science students (N = 382)  
 
S 
E 
C 
O 
N 
D 
A 
R 
Y 
  
S 
C 
I 
E 
N 
C 
E 
 
 
 
Number of items 
SECONDARY SCIENCE  
W&P WRI PER PD 
82 45 37 9 
 N   382       381 90 205 
W&P r 1 .95*** .51*** .05 
 n  381 90 205 
WRI r  1 .05 .02 
 n   90 205 
PER r   1 –.12 
 n    51 
PD 
 
r 
n 
   1 
Notes: N = number of students  
r = correlation coefficient 
n = number of pairs 
* p<0.05; ** p<0.01; ***p<0.001. 
 
In summary, there was virtually no correlation across primary and secondary 
students, and across mathematics and science, between results from the survey and 
those from the written and performance assessments. 
It was not surprising that students’ scores for the combined written and 
performance assessments (W&P) were strongly correlated with their results for the 
written assessments (WRI), given that only a small proportion of the students 
received a score on the performance assessment for each of mathematics and science. 
There was no obvious reason for the discrepancy between the correlations 
between students’ scores on the written assessments (WRI) and those for their 
performance (PER) assessments for secondary science, when compared with those 
for primary and secondary mathematics students, and also for primary science 
students. For these last three, there was a weak, but statistically highly significant, 
correlation between scores on these assessments, while for secondary science there 
was virtually no correlation. However, given the relatively weak correlations 
between the written assessments (WRI) and those for their performance (PER) 
assessments for both primary and secondary students, across both mathematics and 
science, written and performance assessments appear to be measuring different skills 
and understandings and therefore should both be accommodated in assessment 
programs. 
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7.3 Students’ and teachers’ views on performance assessment 
 
A number of students were observed while completing the performance 
assessment, with a small sample of 20 students being interviewed during and after 
the conclusion of the performance assessment. The interviews with students focused 
on their enjoyment or disinterest with the tasks, their descriptions of how they solved 
particular problems, their observations on particular problems, and their comments 
regarding the hands-on activities. These interviews were conducted informally. The 
students were asked to contribute their opinions about the performance assessment, 
which were recorded in a notebook at the time.   
A small sample of 10 primary and secondary teachers of the students taking 
part in the performance assessment was also interviewed. These questions pertained 
to the value of the testing process, the value of mixing mathematics and science 
items, the teachers’ observations regarding the hands-on activities and the perceived 
benefit to the students of this type of testing. (Full details of the interview questions 
can be found in Section 4.4.) The transcript data from the teachers’ interviews and 
the recorded statements from the students were summarized and classified under four 
headings: Value to students (student perspectives); Insights into students’ thinking, 
skills and behaviours; Value to students (teacher perspectives); and Performance 
assessment as a part of the mathematics and science curriculum. 
The comments and observations by the university students conducting the 
performance testing were also noted and were included in the data collection, but are 
not discussed in detail here. 
7.3.1 Observations of students completing performance tasks 
 
Primary students took part in the performance assessments tasks as discussed 
in Section 4.3.5. They worked in small groups consisting of 3 or 4 students, 
randomly assigned by the classroom teacher.  
The tasks for the performance testing had already been set up by the 
university students supervising the tests, and each group selected a work station ay 
which to begin. After 10 minutes at each station, the groups of students moved to the 
next task and once again were given 10 minutes to complete the task.  
The students all appeared interested in the tasks and were very engaged. I 
observed a great deal of discussion amongst the students about various strategies 
they should use to solve the problem. I also observed a number of strategies being 
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employed by different groups. For example, for the Plasticine performance task, one 
group of students used the strategy of estimating the weight of the plasticine by 
“hefting” – that is, by relying on their hands to feel for differences in the weight of 
the two samples. Another group initially estimated the weight, but then also checked 
their answer by using the scales to accurately measure the weight. I also observed 
other groups using more sophisticated strategies in their solutions throughout the 
assessment procedure.   
Apart from seeing the different solution strategies that students used in the 
performance assessment, the program also allowed me to observe the specific aspects 
of capability each task was targeting. For example the performance task Pulse – a 
science task – required students to fill in a table every minute, recording their pulse 
after climbing up and down a step. This was clearly classified as requiring those 
skills referred to as Skills and Procedures (SP) (see Table 4.11). However the last 
part of the task asked them to explain why they think their pulse changes in this way, 
which requires Conceptual Understanding “the comprehension of scientific concepts, 
operations and relations” (see Tables 4.3 and 4.11), so this item from the Pulse task 
was classified as Conceptual Understanding (CP).  
The observations for the secondary students were similar to those for the 
primary students. Once again the students were randomly put into small groups of 3 
or 4 students. The classroom had been set up into workstations for each of the tasks 
in the Performance assessment and each group was allocated to a station. 
Similar to the primary students, the secondary students were also engaged 
with the tasks in the performance assessment. They worked well in small groups and 
the tasks generated a lot of discussion about which strategies to employ and the 
answers they found.  
One interesting observation from both the primary and secondary 
performance assessment was that I observed a few of the groups having difficulty 
with the Rubber Bands item. Whilst they were able to place the objects onto the band 
and predict the length of the band after adding a few more weights, they found it 
difficult to justify their answer. This observation was reflected in the results for item 
difficulty.  As can be seen in Section 6.4.1, this was the second most difficult item in 
the written and performance assessments for both primary and secondary students to 
give a level 2 response.  
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7.3.2 Value to students (student perspectives)  
 
During the performance assessment and in the subsequent informal 
interviews, a number of students commented on their enjoyment of the performance 
tasks. One student commented, “I like this. This is quite fun” (Student 2). Another 
student stated “it’s better than writing and ‘funner’ stuff” (Student 7). 
A few students compared the performance tasks to their normal classroom 
curriculum and noted that the performance tasks were different to what they were 
accustomed: “We have never done experiments like those before” (Student 8) and 
the activities were “different to what we normally do” (Student 3). 
Some of the students interviewed seemed to understand the value of doing the 
performance assessment tasks: “You learn a lot of stuff about maths and science” 
(Student 6). 
A few students appreciated the benefits of working in a small group and the 
fact that the tasks were mostly open-response and did not require one correct answer. 
“I liked working with my group to solve the problem” (Student 9) and “Instead of 
worrying about if you get the answers right or wrong you get to just do them” 
(Student 5). 
Some of the students, when asked to relate the performance tasks to real life, 
contributed the following observations. The item titled Batteries would be useful 
when “camping with torches” (Student 17). The Containers item would be useful for 
“keeping Milo hot on a long drive” (Student 10) and keeping coffee hot when you 
buy “coffee from the shop in a polystyrene cup” (Student 9). The Pulse task would 
be helpful to “check how fit you are in gym” (Student 16), and one student 
commented that the Packaging item would help when “wrapping Christmas presents” 
(Student 14). 
Overall the observations and interviews with the students suggest that 
students were engaged in the performance tasks, contrasted them with their usual 
classroom activities, and valued their contribution to their learning. 
The following three sections provide evidence from the interviews conducted 
with the 10 primary and secondary teachers.  
7.3.3 Insights into students’ thinking, skills and behaviours  
 
Based on the data from the interviews, most teachers agreed that the 
performance tasks allowed them valuable insights into how their students were 
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solving the tasks and the processes they were using – for example “It definitely 
shows the strategies they can use” (Interview T1, line 5). 
Not only were the teachers able to see directly how the students were 
managing the tasks, but the teachers could also see the students who were having 
difficulty. The teachers also agreed that these particular tasks would allow them to 
get some insight into students’ thinking and working. Not only was it an invaluable 
way for a teacher to see how the whole class was working, but it would enable closer 
examination of individual students and allow for more detailed “information about 
their thinking and how they work” on the tasks (Interview T4, line 14). 
Some teachers also recognised that they could immediately see if students 
were “heading down the right track with their ideas and using the right skills” for the 
performance tasks (Interview T5, Line 12). 
One teacher commented that the items also enabled him to see directly the 
patterns and processes students were using. He observed that some of the students 
were using simple “trial and error methods to solve the problems, whereas some 
students were using more sophisticated methods” (Interview T6, line 16). This 
teacher also believed that these degrees of sophistication in the solution strategies are 
not always as evident in other forms of assessment. 
Some teachers saw the value of using these tasks in their “regular” 
mathematics and science classes when students were working individually – for 
example “Obviously you are getting a better indication of what they know how to 
do” (Interview T5, line 25). 
A number of teachers likened the performance testing to the then current 
Victorian Essential Learning Standards (VELS)  (Victorian Curriculum and 
Assessment Authority, 2006). Comments included: “If you looked at the activities 
they could be reasonably be incorporated into a VELS activity” (Interview T4, line 
30);  “What we are looking for in terms of working in groups, how they support their 
peers, things like that that haven’t been necessarily in written assessment before [but] 
will be incorporated into the VELS assessment criteria”; “With the new VELS, these 
activities will be good” (Interview T4, line 30); and “These activities will help to 
build that knowledge and allow the kids to basically work together” (Interview T5, 
line 49). 
A number of teachers also mentioned the difference between the performance 
tasks and the ones currently on offer in the students’ science textbooks – for example 
“They would be useful, especially for practical lessons, trying to, I guess, change 
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them, rather than some of the more boring pracs, especially the way the text books 
set them out in steps” (Interview T6, line 22). 
7.3.4 Value to students (teacher perspectives) 
 
The tasks in the performance assessment involved students working in 
groups, with all teachers in agreement regarding the value of students working 
together in a group. Many of the positives that teachers perceived came about 
because of the performance testing involved group work, discussion and sharing 
knowledge.   
One secondary teacher referred to the value of allowing students the 
opportunity to explore tasks at great length, together with allowing the students to 
design and implement the experiments themselves, before introducing the theory 
related to the task at the end of the session during the discussion: “It almost seems 
that it is more useful to set them the problem and give them the materials and work 
out their own steps and then go back and talk about why it works and then introduce 
some theory” (Interview T6, line 24).  
Several teachers saw the value of assessment practices that involved students 
in “hands-on” activities rather than written assessment tasks – for example “And for 
some kids these activities would suit so much better [than a written test] because it is 
so hands-on” (Interview T2, line 22). 
One teacher also noted that for the lower achieving students the performance 
tasks were an invaluable way for them to achieve some level of understanding that 
they might not normally gain through other methods. By working in a group situation 
with more able students, the lower achieving students who had difficulty interpreting 
the tasks “would certainly gain more from the exercise and enjoy it” (Interview T3, 
line 28). 
All of the teachers, both primary and secondary, unanimously agreed that the 
students were interested and motivated by the performance assessment tasks – for 
example: “The kids look more engaged” (Interview T2, line 29); “They’re all very 
keen and eager and they do like to work on the tasks that are all open-ended and non-
threatening. I guess at this level [primary] it is important to lay the foundation 
knowledge but also to keep it fun at the same time and to promote that enquiry” 
(Interview T4, line 40);  “Yes very engaged and challenged” (Interview T7, line 9); 
“The kids who, normally, I don’t know if they are doing more work or what, but they 
look more involved in wanting to know what’s going on” (Interview T2, line 30). A 
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few teachers also noted that the students were interested in the performance tasks 
because they were so different from their normal classroom work. 
Several of the teachers commented that having open-ended tasks with no one 
correct answer enabled students to generate more discussion and interest in the 
activity. For example, one teacher commented: “And there’s no right or wrong 
answer and I think you’ll find that when we go back at recess and lunchtime they 
will all be talking about what they discovered so it will generate a lot of discussion 
about why mine did this and why yours did that and why we got a different result 
from you” (Interview T4, line 41). 
7.3.5 Performance assessment as a part of the mathematics and science 
curriculum 
 
The majority of interviewed teachers whose classes participated in the 
performance assessments strongly agreed that the tasks could be a useful part of the 
mathematics and science curriculum.  
Some of the teachers had not previously incorporated mathematics and 
science in a single task and acknowledged the value of combining these two 
curriculum areas – for example “But I haven’t really thought of it as a science 
experiment and then incorporating the mathematics aspect in it is great” (Interview 
T1, line3). 
Some teachers pointed out that the tasks could be incorporated into specific 
topics they were currently teaching in their curriculum areas and would be useful in 
adding another dimension to these topics, rather than just doing the performance 
items as a “one-off” and stand-alone task: “I would definitely utilize one activity at a 
time to explain one particular topic” (Interview T5, line 3). 
Several of the teachers who acknowledged the value of incorporating the 
performance tasks in their curriculum, nevertheless referred to some difficulties with 
doing these tasks in the classroom. The main drawback experienced by some of the 
teachers, especially the primary teachers, was the lack of facilities and equipment. 
For example, one teacher commented: “Doing science has become less attractive 
because of the time needed to set up and develop things. Timetabling and room 
constraints lessen the amount of science we do compared to having a well resourced, 
dedicated room like this where you can come in and everything is there” (Interview 
T4, line 5). 
 181
Several teachers mentioned the difficulty of time constraints when conducting 
the performance tasks. A few teachers also pointed out that parents view the 
assessment process in terms of statistical information, that is they want to see where 
their child is in relation to other students in the same year level – for example 
“However the culture is more that we assess for statistical data rather than assess for 
subjective, they have improved but I can’t prove why they have improved in their 
thinking” (Interview T4, line 23). 
Whilst the primary teachers placed high importance on the performance tasks, 
they felt that it could prove difficult to include them in the current curriculum, due 
mainly to curriculum constraints: “Basically in the primary schools our current 
curriculum is driven by the four units of work that we do each term. We run a two-
year cycle covering the eight Key Learning Areas. So it’s tied down a bit to what we 
do in the unit of work”  (Interview T4, line 26).  It appeared to be easier in the 
primary school curriculum to continue with the curriculum as it was currently.  
In summary, the teachers supported the performance assessment process and 
commented positively on the merit of the process, as well as endorsing the use of the 
items within their curriculum. 
Some of the teachers saw the potential of performance assessment in that it 
provided teachers with clearer insights into mathematics and science processes as 
opposed to more traditional assessment practices. In particular, they saw the tasks in 
the performance assessment as promoting inquiry and increasing communication 
between students. They also saw the performance assessment tasks as a good way to 
introduce a science or mathematics topic and generate questions and discussion. 
The teachers noted that the students in the main were challenged and 
interested while performing the tasks. They also suggested that by using the tasks as 
part of the school curriculum this could promote students’ interests in science and 
mathematics.  
The teachers also observed that this type of assessment promoted small group 
work and the sharing of ideas was beneficial, commenting that it allowed the teacher 
to become a facilitator and to observe how students learn. Whilst the teachers valued 
the performance assessment process, they saw the need for more traditional 
assessment practices to be incorporated with this type of assessment.  
They also commented on the some of the challenges in adopting performance 
assessment practices, including constraints such as time, room availability, lack of 
facilities (especially in primary schools), equipment set up, and timetabling.  
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Also, according to some of the teachers involved in the performance 
assessment, some of the limitations of using performance assessment included the 
fact that they believed it is easier to give a written test to measure students’ learning 
outcomes as opposed to conducting performance assessments. When their curriculum 
is driven by set units of work, it is difficult to incorporate unrelated tasks. 
The students’ positive responses and the comments from the participating 
teachers about the performance assessment, show the potential for the use of 
performance assessment in order to enable teachers to gather information about how 
students solve problems and work through tasks more effectively, and reliably, than 
just relying on data from written assessments. However, teachers are reluctant to 
incorporate “hands-on tasks” into their classroom practice due to issues related with 
the practicalities of this type of assessment, such as time constraints and expense.  
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CHAPTER 8  ASPECTS OF CAPABILITY ACROSS 
MATHEMATICS AND SCIENCE  
 
 The purpose of this study was to investigate the relationship between 
students’ understanding, knowledge, and performance in and across mathematics and 
science.  
This chapter investigates the relationship between corresponding aspects of 
student capability across mathematics and science, as well as relationships between 
students’ overall performance on the written and performance assessments, and the 
survey, across mathematics and science, in order to examine the robustness of the 
model across the two subject areas. 
 
8 . 1  R e l a t i o n s h i p s  b e t w e e n  a s p e c t s  o f  s t u d e n t  
c a p a b i l i t y  a c r o s s  m a t h e m a t i c s  a n d  s c i e n c e  
  
 
Figure 4.6, in Chapter 4, illustrated possible relationships between the seven 
aspects of capability identified in the model proposed in this thesis across 
mathematics and science. This section explores these possible relationships using the 
data from the written and performance assessments and the survey.  
The key question being addressed here is whether students who perform well 
on any particular aspect of capability in mathematics, also perform well on the same 
aspect of capability in science, and vice versa – that is, can we consider these aspects 
of capability to be, in some respects, generic across the two subjects? 
8.1.1  Relationships between aspects of capability for primary students  
Table 8.1 shows the correlations between the seven aspects of capability 
across mathematics and science for primary students.   
In order to investigate the relationships for each aspect of capability across 
mathematics and science, only the values on the diagonals in the table are relevant. 
For ease of reading these values have been highlighted on the table. 
The strongest correlation between the same aspect of capability across 
primary mathematics and science was for Productive Disposition (PD), with a 
correlation of r = 0.38, which was significant at the p<0.001 level. This moderately 
strong correlation indicates that students who are disposed towards mathematics are 
also disposed towards science. However, it may in fact merely provide an indication 
of students’ attitudes to school subjects more generally.  
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Table 8.1 
Correlations between the seven aspects of student capability for primary students 
across mathematics and science (T = 429) 
 
 
 
 
 
P 
R 
I 
M 
A 
R 
Y 
 
S 
C 
I 
E 
N 
C 
E 
 PRIMARY MATHEMATICS 
  FK (3) # CU (7) SP (31) IN(15) RE (17) NM(3) PD (9). 
 N 353 513 514 140 514 511 417 
FK (4) r –.04 –.01 –.04 -.06 -.03 .08 .05 
N=658 n 258 360 361 92 361 361 188 
CU (41) r .04 .14** .23*** .10 .19*** .05 –.06 
N= 733 n 277 409 410 103 410 409 220 
SP (14) r .12* .04 .17*** .31** .23*** .11* –.01 
N= 719 n 277 407 408 103 408 407 219 
IN (18) r .01 .18*** .20*** .22* .21*** .009 –.01 
N= 732 n 277 408 409 103 409 408 220 
RE (12) r 0 .08 .06 .26** .13** .03 –.02 
N= 633 n 240 352 353 101 353 352 197 
NS (3) r .03 –.01 .10* .10 .15** .02 .05 
N= 728 n 276 407 407 102 407 406 219 
PD (9) r .06 .01 –.06 -.01 –.03 –.19** .38*** 
N= 328 n 155 217 215 56 217 216 194 
 
Notes: T = number of primary students for whom both mathematics and science data was available 
#  figures in parentheses indicate the number of items addressing this aspect of capability 
N = number of students 
r = correlation coefficient 
n = number of pairs 
* p < 0.05; ** p < 0.01; ***p < 0.001. 
 
The next strongest correlation between the same aspect of capability across 
primary mathematics and science was for Inquiry (IN), with a correlation of 
r = 0.22, which was significant at the p<0.05 level. This is perhaps not surprising as 
all 15 primary mathematics Inquiry items came from the performance assessment, as 
did 13 of the 18 Inquiry items for primary science. Moreover, 7 of these items came 
from performance tasks that were common to both mathematics and science.  
Other weak, but statistically significant, correlations between the same aspect 
of capability across primary mathematics and science were those for Skills and 
Procedures (SP), Conceptual Understanding (CU), and Reasoning (RE), with 
correlations r = 0.17***, 0 .14**, and 0 .13**, respectively. While these are 
statistically significant, they do not indicate the strong correlation levels that would 
be expected if these aspects were generic in character.  
In fact, stronger correlations can be seen off the diagonal between different 
aspects. These correlations were calculated in case results suggested that relatively 
strong correlations existed between aspects of capability that measured the same 
construct but were given different names in mathematics and science. The strongest 
 185
“off diagonal” correlation was between Skills and Procedures for science and Inquiry 
for mathematics (r = 0. 31), which was significant at the p<0.01 level. In this case, 
13 of the 14 Skills and Procedures items for science, as well as all 15 Inquiry items 
for mathematics, came from the performance assessment, with 5 of these items being 
common to both mathematics and science. It could perhaps be argued that the 
relationships between the cognitive aspects of capability for primary students across 
mathematics and science are weaker than those between the performance items taken 
as a whole. The effect of test context will be explored further in Section 8.2. 
A similar case can be made for the relatively strong correlations between 
Reasoning for science and Inquiry for mathematics (r  = 0. 26**), Skills and 
Procedures for science and Reasoning for mathematics (r  = 0. 23***), and Inquiry 
for science and Reasoning for mathematics (r  = 0. 21***), as approximately two-
thirds of the Inquiry items in science (13 out of 18), and Reasoning items in both 
science (8 of 12) and mathematics (10 of 16) came from the performance assessment.  
The same cannot be said about the relatively strong correlations between 
Conceptual Understanding in science and Skills and Procedures for mathematics  
(r  = 0. 23***) as 38 of the 41 Conceptual Understanding items for science came 
from the written assessment, as did 17 of the 31 Skills and Procedures for 
mathematics. Other “off diagonal” correlations that were stronger than most of the 
“on diagonal” correlations for cognitive aspects of capability were those between 
Inquiry for science and Conceptual Understanding (r  = 0. 18***) and Skills and 
Procedures (r  = 0. 20***) for mathematics, and for Conceptual Understanding for 
science and Reasoning for mathematics  (r  = 0. 19***). These correlations were also 
between aspects of capability where at least one, or even both, aspects were 
predominantly assessed through the written assessments. 
Other than a very weak correlation between Skills and Procedures for science 
and Factual Knowledge for mathematics (r  = 0. 12*), there was virtually no 
correlation between Factual Knowledge for science or mathematics with any of the 
aspects of capability across the subject areas. This is not unexpected, given the nature 
of the items that make up Factual Knowledge. Students either have the knowledge 
base and are able to correctly answer these items or, on the other hand, they have no 
experience with the facts required to successfully complete the items. It therefore 
seems unlikely that a student with high score on Factual Knowledge for mathematics 
would also necessarily have a high score on Factual Knowledge for science. Also the 
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small scale for the Factual Knowledge items in mathematics and science renders the 
correlations for Factual Knowledge unreliable.  
Productive Disposition was shown in Chapter 7 to have virtually no 
correlation with the other aspects of capability within each of mathematics and 
science. Therefore it is no surprise that, apart from a negative correlation between 
Productive Disposition in science and Nature of Mathematics (r  = –0. 19**), there is 
virtually no correlation between Productive Disposition and the cognitive aspects of 
capability across mathematics and science. The negative correlation between 
Productive Disposition in science and Nature of Mathematics can largely be 
discounted due to the very short scale for Nature of Mathematics.   
At the time of the review of the categorisation of items, it became clear that 
the aspects of Conceptual Understanding and Skills and Procedures applied quite 
differently in mathematics and science. In science, 41 of the items devised for the 
written and performance assessments were classified as Conceptual Understanding, 
with only 7 such items in primary mathematics. On the other hand, there were 31 
Skills and Procedures items in primary mathematics, compared with 14 in primary 
science (of which only 1 item was on the written assessment). One reason for this is 
that the Conceptual Understanding items were typical of the kind of standard testing 
item used frequently in science where students are asked to understand the concept in 
science and then asked to use it in a standard way. This format of item does not 
appear as often in mathematics. However, Skills and Procedures items mainly consist 
of asking students to apply procedures rather than concepts, which is a process 
typical of mathematics items. These aspects represent demonstrations of 
understanding of standard applications of ideas in science, or processes in 
mathematics. This is perhaps one reason why it might be difficult to construct a 
generic model across the two subject areas. 
The relatively strong correlations across mathematics and science between 
the aspects of Reasoning and Inquiry, which represent higher-order thinking, 
supports the notion that students who are adept at using reasoning and inquiry skills 
in mathematics tend also to be adept at the same skills in science. However, given the 
correlations are not very high, this indicates that there are differences between the 
aspects of Reasoning and Inquiry in mathematics when compared with science, and 
the relative strength of the correlations may still be due to the predominance of items 
from the performance assessments. These results indicate that primary students who 
are capable of thinking at a higher level in mathematics also do this in science, yet 
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there is no evidence to indicate that this can be extended to uniquely linking the same 
aspect across the subjects. 
8.1.2  Relationships between aspects of capability for secondary students  
 
Table 8.2 shows the correlations between the seven aspects of capability 
across mathematics and science for secondary students.  As was the case for Table 
8.1, the values on the diagonals of the table, representing correlations for the same 
aspects of capability across mathematics and science, have been highlighted for ease 
of reading. 
 
Table 8.2 
Correlations between the seven aspects of student capability for secondary students 
across mathematics and science (T = 227) 
 
 
 
 
S 
E 
C 
O 
N 
D 
A 
R 
Y 
 
S 
C 
I 
E 
N 
C 
E 
 SECONDARY MATHEMATICS 
  FK (3) #  CU (12) SP (25) IN(15) RE (21) NM (3) PD (9). 
 N 201 261 269 79 269 261 379 
FK (2) r .12 –.03 –.09 –.05 .02 –.07 .04 
N=336 n 123 166 171 52 170 166 139 
CU (33) r –.04 .00 .14* .13 .06 .08 .07 
N= 382 n 139 188 195 60 194 188 153 
SP (14) r .30* .02 .32* .19 .27* –.04 –.01 
N= 76 n 39 51 57 51 56 51 41 
IN (17) r .02 .18* .17* .28* .20** .20** .13 
N= 380 n 138 186 193 60 192 186 153 
RE (12) r .17 .12 –.04 .13 .03 .02 -.07 
N= 317 n 121 162 169 60 168 162 137 
NS (4) r .36*** .12 –.09 –.05 .04 –.05 .004 
N= 380 n 137 184 190 52 189 184 151 
PD (9) r –.04 .08 –.01 –.02 –.14 –.03 .48*** 
N= 379 n 92 121 124 40 123 121 109 
Notes: T = number of primary students for whom both mathematics and science data was available 
#  figures in parentheses indicate the number of items addressing this aspect of capability 
N = number of students 
r = correlation coefficient 
n = number of pairs 
* p < 0.05; ** p < 0.01; ***p < 0.001. 
 
As was the case for primary students, the strongest correlation between the 
same aspect of capability across secondary mathematics and science was for 
Productive Disposition (PD), with a correlation of  r = 0.48, which was significant at 
the p<0.001 level. This moderately strong correlation indicates that students who are 
disposed towards mathematics are also disposed towards science. However, it may 
again merely provide an indication of students’ attitudes to school subjects more 
generally. 
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The next strongest correlations between the same aspect of capability across 
secondary mathematics and science were for Skills and Procedures (SP), with a 
correlation of r = 0.32, which was significant at the p<0.05 level, and Inquiry (IN), 
with a correlation of r = 0.28, also significant at the p<0.05 level.  
The result for Inquiry is perhaps not surprising as again all 15 secondary 
mathematics Inquiry items came from the performance assessment, as did 13 of the 
17 Inquiry items for secondary science, with 7 of these items coming from 
performance tasks that were common to both mathematics and science. (This is 
virtually the same as for primary mathematics and science as the performance items 
were undertaken by both primary and secondary students.) 
The result for Skills and Procedures is more surprising, because again all but 
one of the 14 Skills and Procedures items were performance items, compared with 
only 14 of the 25 mathematics items, suggesting that the relatively high correlation 
cannot simply be attributed to the fact that the items came from the performance 
assessment. This result would warrant further investigation at the individual item 
level as the meaning attributed to Skills and Procedures was found to be different for 
mathematics and science at the stage when the review of the item categorisations was 
carried out. 
There was virtually no correlation between the remaining aspects of 
capability across mathematics and science, with a number of stronger correlations 
between different aspects being found “off diagonal”. 
The strongest “off diagonal” correlations were between Factual Knowledge 
for mathematics and Nature of Science (r = 0.36***) and Skills and Procedures for 
science (r = 0.30*). However, due to the short scale for both Factual Knowledge for 
mathematics and Nature of Science, these correlations are unreliable. 
The next strongest “off diagonal” correlation was between Skills and 
Procedures for science and Reasoning for mathematics (r  = 0. 27), which, due to the 
smaller number of pairs, was only significant at the p<0.05 level.  
Similar to the case for primary students, Inquiry for science and Reasoning 
for mathematics showed a moderate correlation (r  = 0. 20**). However, in this case 
the reverse was not true with the correlation between Reasoning for science and 
Inquiry for mathematics showing only a weak correlation  (r  = 0. 13).  
The only other statistically significant correlations for cognitive aspects of 
capability were those between Inquiry for science and Nature of Mathematics (r  = 0. 
20**), Conceptual Understanding for mathematics (r  = 0. 18*), and Skills and 
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Procedures for mathematics, as well as between Conceptual Understanding for 
science and Skills and Procedures for mathematics (r  = 0. 14*). While statistically 
significant, these correlations are, at best, weak to moderate. 
Similar to the case for primary students, there was virtually no correlation 
between Productive Disposition and the cognitive aspects of capability across 
mathematics and science. 
Apart from the strengths of the correlations for Productive Disposition and 
Skills and Procedures across mathematics and science, and the unreliable correlations 
between Factual Knowledge for mathematics and Nature of Science and Conceptual 
Understanding in science, the secondary correlations are weaker in general than 
those for primary, following the pattern of much weaker correlations between the 
cognitive aspects for secondary science as compared to primary science found in 
Chapter 6.  
The patterns of assessment items for primary and secondary were similar, 
with 33 of the science items devised for the written and performance assessments 
being classified as Conceptual Understanding, with only 12 such items in secondary 
mathematics. On the other hand, there were 25 Skills and Procedures items in 
secondary mathematics, compared with 14 in secondary science (of which again only 
1 item was on the written assessment). Nevertheless, while there is a weak, but 
statistically significant, correlation between Conceptual Understanding across 
primary mathematics and science (r  = 0. 14**), there is no comparable correlation 
for secondary (r  = 0.00). On the other hand, the correlation between Skills and 
Procedures across secondary mathematics and science is considerably stronger than 
that for the primary students (r  = 0. 32* and r  = 0. 17***, respectively). 
The strongest reliable correlations between different aspects of capability 
typically occurred for Inquiry for science and Reasoning and Skills and Procedures 
for mathematics.  
The very weak correlation between Reasoning for secondary science and 
mathematics  (r = 0.03) suggests that, like the results for primary science and 
mathematics  (r = 0.13*), Reasoning is an aspect that has distinctive characteristics 
for mathematics and science. Reasoning for science had weak correlations with the 
mathematics aspects of capability generally, suggesting that scientific reasoning in 
these tests is an aspect of capability that is particular to science and distinct from 
reasoning in mathematics.  Reasoning for secondary mathematics was much more 
strongly correlated with Inquiry for science (r = 0.20**) than with Reasoning in 
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science (r = 0.03), while Inquiry for mathematics was more strongly correlated with 
Inquiry for science (r = 0.28**) than with Reasoning in science (r = 0.13).  
 These results suggest that, while there is evidence that these seven aspects of 
capability are distinct within each of the subject areas, the same aspects do not 
appear as particular strengths for students across the subjects. While Productive 
Disposition is moderately strongly correlated across mathematics and science, and 
little can be said about Factual Knowledge or the Nature of Mathematics and Science 
(due to the short scales), the remaining aspects of Conceptual Understanding, Skills 
and Procedures, Inquiry, and Reasoning do not match one-to-one with equivalent 
aspects across the subjects, but instead appear to contribute across a range of aspects. 
This could be taken as evidence of the specificity of discursive practices in the two 
subjects, indicative of the two subject cultures.  
 
8 . 2  R e l a t i o n s h i p s  b e t w e e n  w r i t t e n ,  p e r f o r m a n c e  a n d  
s u r v e y  a s s e s s m e n t s  a c r o s s  m a t h e m a t i c s  a n d  
s c i e n c e  
 
Section 7.2 in Chapter 7 explored the relationships between the written, 
performance and survey assessments within each of mathematics and science. This 
section will explore these relationships across the two subject areas of mathematics 
and science. As was explained in Section 7.2, correlations were calculated between 
students’ overall logit scores for the written assessments (WRI), performance 
assessments (PER) and surveys (abbreviated here as PD to indicate that the survey 
was used to assess Productive Disposition). In addition, all students who completed 
either the written or performance assessments, or both, obtained a combined written 
and performance logit score (abbreviated here as W&P). This logit score represents 
their overall score across the six cognitive aspects of capability in mathematics or 
science. Students, however, were not given an overall score across all seven 
capabilities. 
8.2.1  Written, performance and survey assessments across mathematics and 
science for primary students  
 
Table 8.3 shows the correlations between primary students’ combined written 
and performance scores (W&P), their written scores (WRI), their performance scores 
(PER), and their survey scores (PD) across mathematics and science. As was the case 
for earlier tables, the values on the diagonals of the table, representing correlations 
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for the same types of assessment across mathematics and science, have been 
highlighted for ease of reading.  
 
Table 8.3 
Correlations between the written, performance and survey assessments across 
mathematics and science for primary students (T = 429) 
 
P 
R 
I 
M 
A 
R 
Y 
  
S 
C 
I 
E 
N 
C 
E 
  PRIMARY MATHEMATICS  
 W&P WRI PER PD 
N 514 514 147 417 
W&P r .37*** .34*** .45*** –.02 
N = 733 n 410 410 109 220 
WRI r .35*** .34*** .27** –.02 
N = 733 n 410 410 109 219 
PER r .35*** .22* .53*** –.25* 
N = 182 n 123 123 103 74 
PD 
N = 328 
r 
n 
–.05 
217 
–.03 
217 
.05 
59 
.38*** 
194 
Notes: T = number of primary students for whom both mathematics and science data was available 
N = number of students 
r = correlation coefficient 
n = number of pairs 
* p < 0.05; ** p < 0.01; ***p < 0.001. 
 
As can be seen from Table 8.3, the correlations between the different 
assessments across primary mathematics and science were much stronger than those 
between the aspects of capability.  
The strongest correlation for primary mathematics and science students was 
between the performance (PER) assessments (r = 0.53), which was significant at the 
p<0.001 level. The strong correlation between students’ scores on the performance 
items indicates that primary students who were adept at the performance items in 
mathematics were also adept in the science performance items.  
This strong correlation is not surprising. As explained in Section 4.3.5, there 
was a total of twelve performance tasks, of which five were designated as 
mathematics, five as science, and two as both, resulting in a total of 26 items for 
mathematics, 22 for science, and 14 for both mathematics and science. Students 
taking part in the performance assessment completed between two and four tasks 
each, depending on the length of the tasks they had been assigned and the time taken 
to complete these. Table 8.3 shows that of the 147 primary students who completed 
mathematics items and the 182 who completed science items, 103 completed items 
from both mathematics and science – that is, the tasks they completed included at 
least one mathematics and one science task, or at least one task that was designated 
as both mathematics and science. 
 192
There was also a moderately strong correlation between students’ overall 
scores on the six cognitive aspects for mathematics and science, as indicated by their 
combined written and performance scores (W&P), with a correlation of r = 0.37***.  
The correlation between students’ overall scores on the six cognitive aspects 
for mathematics and science obtained from the written assessments only (WRI) was 
again r = 0.37***. 
As discussed in Section 8.1.1, there was also a moderately strong correlation 
between Productive Disposition for science and mathematics (r = 0.38***). 
Among the “off diagonal” correlations, the strongest was between written and 
performance (W&P) for science and performance (PER) for mathematics  
(r = 0.45***). This was not surprising given the strong correlation between 
performance across science and mathematics and the fact that the performance for 
science formed part of the score for written and performance (W&P). 
The correlations between written and performance (W&P) for science and 
written (WRI) for mathematics, and written and performance (W&P) for 
mathematics and both written (WRI) and performance (PER) for science, were all 
similar (r = 0.34***, 0.35***, and 0.35***, respectively). Weaker positive 
correlations were found between written (WRI) for science and performance (PER) 
for mathematics (r = 0.27**) and for the “reverse” pair of performance (PER) for 
science and written (WRI) or mathematics (r = 0.22**). Given the strong correlation 
for performance (PER) across science and mathematics, these results are not 
surprising. 
The only other statistically significant correlation was the negative correlation 
between performance (PER) for science and Productive Disposition for mathematics 
(r = –0.25*). There is no obvious explanation for this. Otherwise, as was the case in 
Section 8.1.1, there was virtually no correlation between Productive Disposition and 
any of the other results for the cognitive assessments.  
8.2.2  Written, performance and survey assessments across mathematics and 
science for secondary students  
 
Table 8.4 shows the correlations between secondary students’ combined 
written and performance scores (W&P), their written scores (WRI), their 
performance scores (PER), and their survey scores (PD) across mathematics and 
science.  
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Table 8.4 
Correlations between the written, performance and survey assessments across 
mathematics and science for secondary students (T = 227) 
 
S 
E 
C 
O 
N 
D 
A 
R 
Y   
S 
C 
I 
E 
N 
C 
E 
  SECONDARY  MATHEMATICS  
 W&P WRI PER PD 
N 271 261 83 379 
W&P r .24*** .33*** .13 .10 
N = 382 n 196 188 62 153 
WRI r .13 .24*** –.12 –.07 
N = 382 n 196 188 62 153 
PER r .35** .37** .27* –.05 
N = 90 n 66 59 60 46 
PD 
N = 379 
r 
n 
–.12 
125 
–.08 
121 
–.09 
41 
.48*** 
109 
Notes: T = number of primary students for whom both mathematics and science data was available 
N = number of students 
r = correlation coefficient 
n = number of pairs 
* p < 0.05; ** p < 0.01; ***p < 0.001. 
 
Unlike the case for the primary students, the strongest correlation for 
secondary mathematics and science students was between Productive Disposition 
(PD) for science and mathematics (r = 0.48), which was significant at the p<0.001 
level, as also noted in Section 8.1.2. This was stronger than the corresponding 
correlation for primary students (r = 0.38***). 
Also unlike the case for the primary students, there was only a relatively 
weak correlation between the performance (PER) assessments across mathematics 
and science (r = 0.27), which was significant only at the p<0.05 level due to the 
relatively small number of pairs.  
Similarly, weaker positive correlations were found between the written and 
performance (W&P) assessments and the written (WRI) assessments across 
mathematics and science than were found for primary students (r = 0.24*** in both 
cases for secondary).  
In fact, stronger correlations were found “off diagonal” with the two strongest 
correlations between cognitive assessments being between performance (PER) for 
science and both written and performance (W&P) and written (WRI) for 
mathematics (r = 0.35** and r = 0.37**, respectively). These relatively strong 
correlations reflect the similarly strong correlation between Skills and Procedures 
(SP) across mathematics and science (see Section 8.1.2), where the scores for Skills 
and Procedures (SP) for science came almost entirely from the performance 
assessments, while those for mathematics came predominantly from the written 
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assessment. The next strongest correlation was that between written and performance 
(W&P) for science and written (WRI) for mathematics (r = 0.33***).  
These results possibly reflect the importance of mathematical competence in 
Skills and Procedures in science performance tasks.  
Surprisingly, there was a weak, non-significant, negative correlation between 
the written (WRI) assessment for science and the performance (PER) assessment for 
mathematics, at odds with the finding of a statistically significant positive correlation 
for primary students. It would seem that Conceptual Understanding in science (the 
predominant aspect of capability in the written assessment for science) does not have 
a reciprocal relationship factoring into mathematics performance assessment. This is 
confirmed by the results previously found in Section 8.1.2. 
Again unlike the correlations for primary mathematics and science, where 
there was a strong correlation of r = 0.45*** between written and performance 
(W&P) for science and performance (PER) for mathematics, for secondary students 
the corresponding correlation was one of the weakest for the cognitive assessments  
(r = 0.13). 
Again, as was the case in Section 8.1.2, there was virtually no correlation 
between Productive Disposition and any of the other results for the cognitive 
assessments.  
These results suggest that there is a moderate to strong correlation between 
Productive Disposition towards mathematics and science, particularly for secondary 
students (r = 0.48 *** for secondary students, and r  = 0.38 *** for primary 
students). The strongest correlation between the scores for students on the different 
cognitive assessment types across mathematics and science were obtained for the 
performance (PER) assessments. For primary students this correlation was 
particularly strong (r = 0. 53***), while for secondary students it was considerably 
weaker (r = 0. 27*). Overall, apart from the strong correlation for Productive 
Disposition for secondary students, and the correlation between the performance 
assessment (PER) for science and the (WRI) assessment for mathematics for 
secondary students, correlations across mathematics and science were stronger for 
primary students.  
In conclusion, while the cognitive aspects of capability seem to have some 
integrity within each of mathematics and science, they do not appear to represent 
generic aspects of capability across mathematics and science. 
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CHAPTER 9 CONCLUSION 
 
In Australia, there has been increasing concern about a decline in the 
proportion of students choosing mathematics and science in higher education, as well 
as a decline in the performance of Australian students in international comparative 
studies such as Trends in Mathematics and Science (TIMSS) and the Programme for 
International Student Assessment (PISA). 
There has been increasing attention paid to the results of these international 
comparative programs, which have become the default means of judging the health 
of our education systems. A further consequence of this emphasis can be seen in the 
increasing promotion of high stakes monitoring regimes at the system level, across 
Australia. The rise of Australia-wide assessment, and public reporting of school 
results through the MySchool website (http://www.myschool.edu.au/) raises 
questions, not only about the results, but also about what it is that is assessed. As the 
director of the Australian Curriculum Assessment and Reporting Authority 
(ACARA) notes in his opening remarks “My School remains an extremely valuable 
tool for educators and communities to understand what is going on inside 
classrooms. As always, the site’s greatest utility remains its power to spark the sort 
of conversations which [sic] lead to better outcomes for students”.  
This thesis addressed the question of what aspects of student capability in 
mathematics and science should we be assessing as part of a quality education, and 
how might we go about assessing these, and produced findings of both theoretical 
and practical importance.  
This final chapter discusses the findings and results of the analyses and 
attempts to position the framework of student capability in mathematics and science, 
as proposed in this study, within the wider context of concerns for student 
participation and performance in mathematics and science, and the growing influence 
of system-wide assessment regimes. The first part of the chapter deals with findings 
concerning the research questions. This is followed by implications for practice, a 
discussion of the significance of the study, and lastly implications for future research.  
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9 . 1  S u m m a r y  o f  t h e  f i n d i n g s  i n  r e l a t i o n  t o  t h e  
r e s e a r c h  q u e s t i o n s  
 
This research grew out of the Improving Middle Years Mathematics and 
Science (IMYMS) project and my interest in issues related to the assessment of 
students’ different capabilities in the subject cultures of mathematics and science.  
The thesis started with a concern to develop assessments that would match 
the richness of the pedagogy proposed within IMYMS. It drew on the work of 
Kilpatrick et al. (2001) and others to develop a framework of capability that spanned 
mathematics and science. As described in Section 4.2, the framework that was 
developed proposed seven aspects of capability across mathematics and science – 
namely the six cognitive aspects of Factual Knowledge, Conceptual Understanding, 
Skills and Procedures, Inquiry, Reasoning, and the Nature of Mathematics or 
Science, and an affective aspect of student capability, Productive Disposition, which 
was based on the three constructs of Enjoyment, Aspiration and Utility. 
The research questions, which are listed in Section 3.4 of this thesis, relate to 
the robustness of this framework in relation to the distinctiveness of the individual 
aspects of capability and the interrelations between the elements within the 
framework, and whether the framework applies across the domains of mathematics 
and science. The other questions relate to how this capability framework can be 
assessed, in principle and in practice.   
9.1.1 The relationship between the different aspects of student capability within 
each of mathematics and science 
Research Question 1 (RQ1) sought to investigate the links, if any, between 
the different aspects of student capability within mathematics and science. For 
example, do students who perform well on the aspect of Conceptual Understanding 
in mathematics also perform well on Skills and Procedures in mathematics? This 
question has distinct aspects. First, it asks if the patterns of relationship between the 
aspects of capability indicate that each can be viewed as distinct, as presumed in the 
model. Second, it asks whether there is evidence of particular stable or even causal 
relationships, or lack of such, between the aspects. Third, it asks about the role of 
Productive Disposition within mathematics and science capability, both in terms of 
its structure, and its relation to the six cognitive aspects of capability.  
In each of mathematics and science, the strength of the correlation between 
the different aspects varied considerably. Despite many correlations being 
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statistically significant, they were generally low to moderate for both mathematics 
and science (see Sections 6.3 and 6.6), suggesting that the aspects were only 
relatively weakly related to one another, thus providing some confidence that in each 
case the six cognitive aspects could be seen as distinct.  
Within each of mathematics and science, the mean scores for primary and 
secondary students followed an almost identical order of difficulty for the cognitive 
aspects of capability. As mentioned earlier in Chapter 6, even though the number of 
items designated for each aspect of capability varied, primary and secondary 
performance across the six capabilities can be seen as being consistent within each of 
mathematics and science. This again supports the contention that these six aspects of 
capability can be viewed as distinct.  
The correlation between the three constructs making up Productive 
Disposition – Enjoyment, Aspiration, and Utility – were all moderate to strong and 
statistically significant for both mathematics and science, indicating that they could 
reasonably be amalgamated into a single Productive Disposition aspect of capability 
within the model. The findings showed a decreasing positive response for all three 
constructs of Enjoyment, Aspiration and Utility with school year level, confirming 
previous findings of decreasing attitudes towards and engagement with science and 
mathematics across the middle years of schooling. In both mathematics and science 
the least difference between primary and secondary students’ responses was found in 
their responses to statement A23 – I really want to do well in mathematics (or 
science). 
However, Productive Disposition was shown to have virtually no correlation 
with the other aspects of capability within each of mathematics and science, with 
correlations in most cases being close to zero and non-significant (see Section 7.1). 
While this seems counter-intuitive, the results from the TIMSS student surveys 
showed that students in the top performing countries, such as Japan and Korea, had 
negative or very low attitudes to science (Tytler & Osborne, 2012). This would 
suggest that Western nations who agonize over positive affective results might well 
need to reconsider this in relation to achievement. However, the TIMSS finding for 
within-country comparisons show a distinct positive correlation between 
performance and attitude, as is generally assumed and indeed supported by a 
significant literature on attitudes (e.g. Tytler & Osborne, 2012), so that this finding of 
effectively zero correlation runs counter to many previous findings, and is in need of 
further investigation. The issue of whether the construct as defined by the survey is 
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consistent with previous characterisation in the literature is discussed further in 
Section 9.4. 
In summary, the lack of correlation between the different aspects of 
capability in each of mathematics and science, together with the almost identical 
patterns of mean scores for primary and secondary students for the cognitive aspects 
of capability in each of mathematics and science, suggest that the seven aspects of 
capability proposed by the model used in this thesis are distinct.  
9.1.2 The relationship between corresponding aspects of student capability across 
mathematics and science  
Research Question 2 (RQ2) sought to identify the strength of any 
relationships that might exist between the various aspects of student capability across 
mathematics and science. For instance, are students who demonstrate a high level of 
mathematical reasoning equally capable in scientific reasoning? To answer RQ2, the 
data from the written and performance assessments and the survey were analysed. 
The results for the correlations between the seven aspects of capability across 
mathematics and science for both primary and secondary students revealed 
Productive Disposition to have the strongest relationships (see Tables 8.1 and 8.2). 
However, while this appears to indicate that students who are disposed towards 
mathematics are also disposed towards science, it may in fact merely provide an 
indication of students’ attitudes to school subjects more generally. 
Much weaker correlations were found between the six cognitive aspects of 
capability across primary mathematics and science, with the strongest of these being 
for Inquiry, where all of the mathematics items and the majority of the science items 
came from the performance assessment. In fact, stronger correlations were found 
between some different aspects of capability across mathematics and science, the 
strongest of these being between Inquiry for mathematics and Skills and Procedures 
for science where, for the latter again, all but one item came from the performance 
assessment. This suggests that there may be a stronger relationship between primary 
students’ achievement on performance items across mathematics and science than 
across the cognitive aspects of capability. These relationships will be discussed in 
Section 9.1.3. 
Similarly, much weaker correlations were found between the six cognitive 
aspects of capability across secondary mathematics and science than for Productive 
Disposition. In this case, the second strongest of these was for Inquiry, where again 
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all of the mathematics items and the majority of the science items came from the 
performance assessment. However, perhaps surprisingly, the strongest of these was 
between Skills and Procedures for mathematics and science, where again all but one 
of the Skills and Procedures items in science were performance items, compared with 
only just over half of the mathematics items, suggesting that the relatively high 
correlation cannot simply be attributed to the fact that the items came from the 
performance assessment. In the case for secondary students, the only other relatively 
strong correlations that were found between different aspects of capability across 
mathematics and science were with Factual Knowledge in mathematics, which had a 
very short scale and so was not reliable. 
This strongly suggests that, at least based on these results, it is not feasible to 
construct a generic framework of capabilities across mathematics and science. This 
point will be discussed further in relation to RQ5.  
As was shown in Sections 6.3 and 6.6, the mean scores for primary and 
secondary students for the cognitive aspects of capability followed almost identical 
patterns in terms of order of difficulty within each of mathematics and science, but 
quite different patterns across mathematics and science, making it difficult to argue 
for a common framework of capabilities for both subjects.  
Regarding the constructs making up Productive Disposition – Enjoyment, 
Aspiration, and Utility, primary and secondary students were more likely to aspire to 
do well in mathematics than science, and more likely to agree that mathematics is 
useful. However they were less likely to express enjoyment in mathematics than 
science. Secondary students were also more likely to see mathematics as useful, 
compared to science, but less enjoyable. However there was a less marked difference 
in their aspirations to do well in either subject.  
Thus, it seems that students respond differently to mathematics and science in 
terms of enjoyment, their desire to succeed in the subject, and its perceived 
usefulness, signalling that engagement with the two subjects comes through different 
channels of perception and commitment, and that there is work to be done in 
presenting each subject so that it is viewed positively by students – placing more 
emphasis on the utility of science, for instance, and working to encourage students to 
aspire to do well.  
These results suggest that, while there is evidence that these seven aspects of 
capability are distinct within each of the subject areas, the same aspects do not 
appear as particular strengths for students across the subjects. This could, and 
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perhaps should, be taken as evidence of the specificity of discursive practices in the 
two subjects, and indicative of two distinct subject cultures. Thus, while the 
cognitive aspects of capability seem to have some integrity within each of 
mathematics and science, they do not appear to represent generic aspects of 
capability across mathematics and science, reflecting different ways in which these 
aspects of capability appear in the two domains, and different traditions of 
assessment of these.  
9.1.3 Appropriate tools for measuring different aspects of student capability in 
mathematics and science 
Research Question 3 (RQ3) related to finding appropriate assessment 
practices to use in the IMYMS project – that is, how can different aspects of student 
capability in mathematics and science be assessed reliably?  
The identification of “best practice” involved both item development and the 
use of available materials, such as those used in the Third International Mathematics 
and Science Study (TIMSS) (see, for example, Mullis et al., 2004). 
The tests were constructed by the IMYMS team, which included researchers 
with experience in test item construction and analysis in science and in mathematics. 
The data suggest a degree of integrity of the framework of capability within each of 
mathematics and science, with the six cognitive aspects appearing to be distinct and 
unrelated to the Productive Disposition aspect. The framework can thus be taken to 
represent a defensible description of seven distinct aspects of capability within each 
of mathematics and science, that could be used as a framework for more 
comprehensive and finer grained assessment of student learning in each of 
mathematics and science.  
The test construction itself posed challenges that revealed differences 
between the two subject cultures. While the original intention was to include similar 
numbers of items representing each aspect of capability across mathematics and 
science, and within the written and performance assessments, this proved impossible. 
It was difficult, for instance, to find written items for mathematics that represented 
the Inquiry aspect, whereas items classified as Skills and Procedures for science 
appeared almost exclusively in the performance assessments. This led to unevenness 
in the number of items in each category across subjects. This was further exacerbated 
by the review of the classification of items conducted after the assessments were 
conducted. 
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This circumstance helps make sense of the finding that the six cognitive 
aspects of capability do not translate across the two domains, since for instance 
Conceptual Understanding in science had no immediate parallel in mathematics, with 
quote different interpretations of the meaning of Conceptual Understanding being 
applied to items classified in this way across mathematics and science. Similarly,  
Skills and Procedures in science tended to be mostly conceived of in the context of 
practical investigative activity, while in mathematics it typically referred to the 
application of conceptual and procedural knowledge to problems. Thus, while the 
framework can be argued to be representative of different aspect of capability within 
mathematics and science, the different aspects have different status and weighting, 
and traditions of application, across the two domains.   
A major aspect of the assessment program was the division into written and 
performance assessments, and a survey. Overall, the results indicate that it is 
imperative to include performance assessment as part of the curriculum for 
mathematics and science. The performance assessment was the source for all of the 
Inquiry items in mathematics and most of the Inquiry items in science, as well as 
almost all of the Skills and Procedures items in science. In order to measure all the 
aspects of students’ capability as detailed in this study, performance assessment 
needs to be an essential component of assessment.  
 Moreover, low to moderate correlations between the performance and written 
assessments in primary mathematics and science, and secondary mathematics, and 
the weak correlations for secondary science, show that in order to capture all the 
cognitive aspects of capability, different assessments should be part of the school 
curriculum. This finding is consistent with some well-canvassed ideas in the research 
literature concerning the need to allow students to perform in multiple contexts, if we 
are to capture the diverse ways in which they reason and learn.  
For instance Gardner (1991) argues that, to some extent, students possess 
different kinds of minds and therefore learn, remember, perform, and understand in 
different ways, and that this challenges an educational system that assumes that 
everyone can learn the same materials in the same way, and that a uniform, universal 
measure suffices to assess student learning. To address this issue, we need to think 
about how we can evaluate students using multiple approaches to assessment, rather 
than using only pencil and paper tests. David Lazear (1994) points out there is the 
need to look at such things as students’ thinking and learning skills; their intellectual, 
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emotional, and social development; their capacity to transfer and apply classroom 
learning to life in the real world; and their creative problem-solving abilities” (p. 9).  
From this research, it can be argued that, at the very least, performance 
testing should be recognised as capturing some major aspects of students’ capability 
in mathematics and science. Therefore, performance assessment should play a part in 
the classroom in order to increase the relevance of both instruction and assessment to 
real life beyond school borders and promote necessary critical thinking skills. 
Performance assessment can provide students with more exciting and complex tasks 
than traditional assessments.  
In order to implement performance assessment within the classroom, teachers 
need to incorporate these types of tasks into their curriculum design from the 
beginning of their planning, and link both curriculum and assessment. 
9.1.4 Student and teachers responses to the performance assessment 
 
Research Question 4 (RQ4) probed students’ and teachers’ attitudes towards 
assessment practices that were used within the project.  
 The evidence from the observations of the implementation of the 
performance assessments and the subsequent interviews with students and teachers, 
suggest that both students and teachers valued the performance assessments and 
believed they assessed different skills from those assessed by written assessments 
alone.  
Teachers involved in the performance assessment thought it was worthwhile 
as students were actively engaged with the performance tasks. However, whilst the 
teachers supported the performance testing process and positively commented on the 
merit of the process and endorsed the use of the items within their curriculum, they 
were somewhat reluctant to incorporate these “hands-on tasks” into their classroom 
practice due to issues related with the practicalities of this type of assessment, such 
as time constraints and expense. 
9.1.5 Models of student capabilities for both mathematics and science 
 
Research Question 5 (RQ5) focussed on validating a single model that 
represents student capabilities in both mathematics and science. Answering this 
question involved testing whether or not the model of aspects of student capability in 
mathematics could also represent aspects of student capability in science.  
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The results from the study show that separate frameworks of student 
capability in mathematics and science need to be created to capture the individual 
nuances within each subject. This was evident, firstly, in the experience of the 
IMYMS team constructing the test items to represent these distinct aspects of 
capability. In reviewing the classification of items, some time after they were written 
and used in what was a somewhat rushed assessment program, it became clear that 
the aspects of Conceptual Understanding and Skills and Procedures applied quite 
differently in mathematics and science. In primary science, 41 of the items devised 
for the written and performance assessments were classified as Conceptual 
Understanding, with only 7 such items in primary mathematics. On the other hand, 
there were 31 Skills and Procedures items in primary mathematics, compared with 14 
in primary science (of which only 1 item was on the written assessment, the rest 
being in the performance assessment).  
One reason for this is that the Conceptual Understanding items were typical 
of the kind of standard assessment item used frequently in science where students are 
asked to understand the scientific concept and then are asked to use it in a standard 
way. This format of item does not appear as often in mathematics. In mathematics, 
Skills and Procedures items mainly consist of asking students to apply procedures 
rather than concepts, which is a process typical for mathematics items. These aspects 
represent demonstrations of understanding of standard applications of ideas in 
science, or processes in mathematics. This is perhaps one reason why it seems to be 
difficult to construct a generic model across the two subject areas. 
There appear to be other reasons for differences in the interpretation of 
aspects of capability between mathematics and science. For example, in mathematics 
there is a problem solving aspect that is not included in science and is not precisely 
captured by the Inquiry aspect of capability – for example, an analysis of the TIMSS 
2003 Population 2 items showed that while 38% of mathematics items measured 
some aspect of problem solving, only 26% of comparable science items did so 
(National Center for Education Statistics, 2004).  
Assessments vary considerably, based on their perceived aims. So, for 
example, “TIMSS and PISA differ in a number of respects, including a greater focus 
on factual knowledge in mathematics and science in TIMSS than in PISA, and a 
greater focus on problem solving and the critical evaluation of information in PISA 
than in TIMSS” (National Center for Education Statistics, 2004, p. 102). So 80% of 
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science items in TIMSS required students to demonstrate factual knowledge, 
compared to 33% that measured scientific inquiry skills (p. 102). 
More recently, there is an increasing focus in science on the Nature of 
Science, as evident in the 2011 National Assessment of Educational Progress 
(NAEP), where the new 2009 framework “reflects the nature and practice of science”   
(National Assessment Governing Board, U.S. Department of Education, 2010, p. 5). 
There is no similar change in the NAEP framework for mathematics (National 
Assessment Governing Board, U.S. Department of Education, 2012). 
On the other hand, one of the changes made for the 2013 NAEP framework 
for assessment in mathematics was “the addition of a subtopic for mathematical 
reasoning ... [reflecting] a new emphasis on the importance of mathematical 
reasoning across each content area” (National Assessment Governing Board, U.S. 
Department of Education, 2012, p. 6).  There seem to be significant differences 
between reasoning in mathematics and science, with complex patterns of correlation 
of reasoning with other aspects within, and across the domains. 
In terms of curriculum traditions, the mathematics curriculum’s focus appears 
to be on sequential and ordered knowledge, and the pressure on teachers and students 
to master content that is sequentially arranged and detailed in its requirements. For 
instance, Siskin (1994) characterizes mathematics knowledge as an ordered 
progression through a sequence of steps, contrasted with science which is a 
progression through disciplinary routes designed to introduce students to different 
content areas they are likely to encounter in future studies (see also Darby, 2010). 
Science, while it also has sequential traditions, is neither as constrained in the way 
knowledge is ordered and prescribed, nor so strongly supported by public assessment 
protocols.  
In summary, the findings of this thesis suggest that the seven aspects of 
capability might provide a robust model within each of mathematics and science. 
These aspects of capability, however, are not stable or reliable across mathematics 
and science. Thus the construction of a generic framework of capabilities across 
mathematics and science may not be feasible. 
 
9 . 2  I m p l i c a t i o n s  f o r  p r a c t i c e   
 
The findings from this thesis have implications for assessment, and also for 
teaching and learning approaches in the classroom.  
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The premise of this thesis, derived from the IMYMS project within which the 
study sits, was that in order to encourage, and reflect, a set of principles of teaching 
and learning, an assessment regime needed to be developed and promoted to 
encourage a wider perspective on quality learning in these two areas. Thus, the 
model has implications both for assessment, and for classroom teaching and learning. 
These implications are discussed below. 
9.2.1 Implications for international and system-wide assessments 
 
International and system-wide assessments provide countries and schools 
with information about the intended curriculum, the implemented curriculum, the 
achieved curriculum, and the experiences and attitudes of students in school. 
Assessment programs attempt to explore the possibilities of newer conceptions of 
assessment practice. International assessment programs such as TIMSS and PISA use 
a rigorous sampling strategy to assess the knowledge and understanding of 
mathematics and science in each participating country. The questions are designed in 
each case around a guiding framework. The Australian national assessment, 
NAPLAN (ACARA, 2014), assesses all students on the same tests in reading, 
writing, language conventions and numeracy every two years. However, apart from 
TIMSS, these assessment programs do not use performance assessments. 
Implications for using performance assessment are evident. The results of this study 
highlight the fact that more attention should be paid to incorporating performance 
assessment at International and State-wide levels in order to provide a 
comprehensive picture of students’ overall achievement in mathematics and science, 
and to capture all the aspects of capability. This research study has showed that 
including performance in the summative assessment process provides a model of 
such assessment for teachers. 
This research also draws attention to the need to develop assessment 
frameworks that acknowledge a wider conception of capability. The TIMSS 
Mathematics Framework (Mullis et al., 2004) only assesses four cognitive domains 
(see Figure 2.14) and likewise the PISA Mathematics Framework (Organisation for 
Economic Co-operation and Development, 2003) assesses three mathematical 
processes – reproduction, connections, and reflection (see Figure 2.16). Neither of 
these large-scale assessment projects fully capture the breadth of capabilities as 
established by this research and more work on expanding these frameworks is 
warranted.  
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The results from this research study demonstrate a need to establish 
performance assessment as a key part of any assessment regime, as no single form of 
assessment can embrace all the outcomes of student achievement. Paper and pencil 
tests, performance assessments, and student surveys investigating students’ 
Productive Disposition all have a place in the assessment regime. Each different type 
of assessment assesses different aspects of student learning. As was seen in Chapter 
6, items identified as Inquiry for both mathematics and science and Skills and 
Procedures for science were mainly located in the performance assessments, despite 
the efforts of the team to find or devise such items for the written tests. Therefore in 
order to cover the whole gamut of students’ cognitive capabilities there is a need to 
include performance assessment in assessment regimes. 
Turning to the cognitive capabilities investigated, the results for primary and 
secondary students’ mean logit scores, for the six cognitive aspects of capability for 
mathematics and science (see Sections 6.3 and 6.6), supported the premise that 
student performance across the six cognitive aspects of capability could be taken as 
consistent for primary and secondary mathematics and for primary and secondary 
science. This indicates that these six cognitive aspects of capability can be viewed as 
being distinct. Further, the multi-dimensional Rasch modelling, described in sections 
6.4 and 6.8, of these data showed that, for both primary and secondary mathematics 
and for primary science, student results were better modelled by the six-dimensional 
model. The fact that secondary science was not better modelled by the six-
dimensional model needs to be investigated further, perhaps with more items to 
provide longer scales. 
Importantly, the proposed framework of aspects of student capability for 
mathematics and science, recognizes the need to assess students’ higher order 
thinking skills, such as Reasoning and Inquiry. The results from Chapter 8 indicated 
that there were differences between these aspects in mathematics and science, as 
shown by the low correlations between these aspects across mathematics and 
science. Therefore, one should assess both of these aspects as part of any large-scale 
assessment regime in order to reveal student capabilities in reasoning and inquiry in 
each of mathematics and science.  
9.2.2 Implications for classroom assessment 
In the past, assessments have often focused on students’ mastery of subject 
matter. However, there is increasing recognition of the need to incorporate additional 
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aspects of student capability. Traditional written assessments do not cover the whole 
spectrum of these aspects of capability. Evidence from the literature indicates that 
assessment needs to capture students’ scientific and mathematical understanding, 
reasoning, inquiry, and their productive dispositions towards science and 
mathematics. 
As was shown in by the results in Chapters 5 to 8, no one assessment, and no 
one item format, was best for assessing the different aspects of capability. There is a 
need for teachers to develop a broader range of assessment approaches, and items, to 
explore student performance on each aspect of capability. This research has 
developed approaches to assessment of each of the seven aspects of capability 
proposed in the model used. However, in developing a framework for assessment, 
the research has highlighted the need for educators to develop a curriculum around 
these seven aspects of capability. Teachers need to be guided in their teaching and 
learning practices to incorporate these multiple aspects into their teaching and to 
develop clear ideas of each of these aspects, including how they might conceptualise 
the development of these capabilities in their students. An implication of this 
research is the need to develop a  strong and explicit framework of teaching and 
learning based on this capability framework. This has implications at the school level 
as well as for the wider community. 
The necessity for incorporating performance assessment in classroom 
summative and formative assessment is underscored by the results. Students need to 
be given the opportunity to demonstrate aspects of capability, such as reasoning and 
inquiry, in a performative context and not just in traditional written form.  
Teachers involved in the performance assessment program supported the 
performance assessment process and commented positively on its merits. They also 
endorsed the use of such tasks in their curriculum. However, teachers also 
commented on the practicalities of this: clearly there is a need to support teachers in 
this endeavour if the value of this assessment approach is to become a significant 
part of ongoing classroom assessment.  
9.2.3 Implications for Pedagogy 
 
Teaching and assessment are integral and inseparable. The Curriculum 
Development Council (2001) in Hong Kong describes assessment as:  
 
The practice of collecting evidence of student learning. It is an integral part of the learning 
 and teaching cycle rather than a separate stage at the end of teaching. (p. 80) 
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Findings from this research study have implications for teaching in that they 
highlight the need for improved ways to establish that learning is taking place and 
describe the nature of that learning, as well as to establish that positive attitudes and 
interests are being developed. Teachers need to support students’ mastery of each of 
the seven aspects of capability identified in this research, and have access to 
assessment strategies that assess these as part of this support. The IMYMS 
Components of Effective Teaching and Learning in mathematics and science, which 
were at the centre of the project in which this assessment research was based (Tytler, 
Groves, Gough, Darby, Kakkinen, & Doig, 2008), include items that clearly resonate 
with the framework of capability. In particular, these components focus on: 
• subject matter that is conceptually complex and intriguing, but 
accessible; 
• tasks that challenge students to explore, question and reflect on key 
ideas; 
• students being explicitly supported to engage with the processes of 
investigation and problem solving; and  
• students engaging in mathematical and scientific reasoning and 
argumentation. 
Just as the IMYMS project implied a need to focus on appropriate assessment 
strategies, so the assessment framework developed in this project implies approaches 
to teaching and learning such as those described by the above components.  
In Australia there is concern with an emphasis on lower-level tasks in 
mathematics classrooms, with similar concerns for science, especially in primary 
schools. While Australia scores reasonably well on international science and 
mathematics tests, video studies of Australian mathematics classrooms indicate that 
in comparison with other developed countries they are low on indicators of higher 
level conceptual engagement (Stacey, 2003).  On the basis of these findings, 
Marginson, Tytler, Freeman and Roberts (2013) point out: “The task is to pursue 
higher order reasoning and other generic competencies through a strong focus on 
problem solving competencies of the discipline. Investigative skills and problem 
solving, creative approaches to investigation and design must be conceptualised as 
core disciplinary competencies” (p. 110). 
Therefore, the Framework developed in this project provides a much-needed 
emphasis on higher-order aspects of student capability, such as Reasoning and 
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Inquiry, and provides teachers with assessment approaches to support the 
development of these aspects of students’ capabilities. If schools are to pursue 
higher-order skills we need to shift the focus from low level skills, such as recall and 
memorization of facts, to a focus on student high-order thinking through 
mathematics and science. Given the high incidence of Reasoning and Inquiry in the 
performance tests, an important way to improve this would be to include 
performance assessment in the classroom. Apart from the TIMSS assessment 
program every four years, at a sample of schools, most curricula in primary and 
secondary schools offer no performance assessment program in the mathematics or 
science classroom. Further research is needed which will allow such programs to 
become manageable and achievable for teachers. 
 
9 . 3  S i g n i f i c a n c e  o f  t h e  s t u d y   
 
Recent reports show the steady decline in the number of students choosing to 
study advanced mathematics and science at secondary level, resulting in a decline in 
standards at university level.  According to the Australian Industry Group (2013) 
Between 1992 and 2010 the proportion of Year 12 students studying physics dropped from 
21 per cent to 14 per cent. The proportion in maths reduced from 77 per cent to 72 per cent. 
Only 10 per cent of Year 12 students studied advanced maths in 2010. (p. X)  
This shortage of mathematics and science graduates will, according to Chief 
Scientist Ian Chubb, lead to a “bleak economic future” (Bowden, 2014). 
There is widespread agreement that a strong focus on science, technology, 
engineering and mathematics (STEM) as part of a national push for the future well 
being of the country is vital (Tytler, 2007; Marginson et al., 2013). The shift needs to 
begin in the classroom with more qualified, passionate and enthusiastic teachers, 
resulting in quality learning and teaching and encouraging student engagement and 
positive disposition towards these subjects. 
Many studies have shown that whilst primary students of science showed 
positive attitudes towards science, these decreased with age during their secondary 
education (Beauchamp & Parkinson, 2008; Murphy & Beggs, 2003; Osborne, et al., 
2003; Osborne, et al., 2009; Simpson & Oliver, 1990; Santos-Gouw, Pereira, & 
Bizzo, 2013). The data obtained from the survey about students’ productive 
disposition towards mathematics and science showed similar results. Primary 
students were more strongly disposed towards mathematics and science than 
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secondary students. This drop in Productive Disposition from Year 6 to Year 8 
verifies these concerns as highlighted in the recent Australian reports (Chubb, 2012; 
Marginson et al., 2013). 
The findings around the complementary roles of Enjoyment, Aspiration, and 
Utility add complexity to the construct of Productive Disposition, and to causal 
relations within the attitude construct.  This has implications for how mathematics 
and science are framed if we want to attract students into higher year studies in 
STEM.  
The finding that Productive Disposition is not correlated with the cognitive 
aspects of capability is surprising and contradicts previous findings. For instance the 
2011 TIMSS mathematics and science results (Martin et al., 2012a, 2012b) showed 
that internationally fourth grade students with positive attitudes toward mathematics 
and science have higher achievement, however their attitude is less positive in eighth 
grade. 
This finding has significant implications. If we assume that the decision to 
continue in the STEM “pipeline” is significantly based on disposition, this means 
that many students with negative disposition choosing against STEM include some 
of our most able students. This implication is supported by previous studies of 
student attitudes in science (see Tytler, 2007a; Tytler & Osborne, 2012). 
The results from this study highlight the need to engage students’ interest in 
and improve their attitudes towards mathematics and science as they enter secondary 
school. 
The framework of student capability developed in this study represents a 
significant addition to the literature on assessment in mathematics and science, in 
developing and validating a more comprehensive perspective on aspects of capability 
than has been previously attempted.  International and nation-wide large-scale 
assessment projects are commonly based on a set of cognitive capabilities. For 
example the PISA 2012 Mathematics Framework uses seven capabilities of 
mathematics: communication; mathematising; representation; reasoning and 
argument; devising strategies; using symbolic, formal and technical language and 
operations; and using mathematical tools (OECD, 2013a). 
PISA, TIMSS and NAPLAN have similar frameworks for mathematics and 
science. However, none of these have been formally validated. 
The significance of this research is confirmed by the results. The framework 
in this study represents an extension of Kilpatrick et al.’s (2001) model of 
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mathematical proficiency, providing a more complex and complete framework 
across mathematics and science. It is supported by assessment items for each of the 
aspects of capability and the results reveal a degree of validity for the framework.  
The framework could be used by schools to establish benchmarks for 
educational improvement. A curriculum based on the framework, because of the 
explicit attention paid to distinct aspects of capability, can support quality teaching 
and learning in mathematics and science through its attention to a wide range of 
modes of thinking and practice.  
This study was also significant in exploring the relationships between aspects 
of capability across mathematics and science. Whilst the literature review (Chapter 
2) identified a range of frameworks or models to describe capability in mathematics 
and science, and frameworks for assessing such capability, (see Kilpatrick et al., 
2001, NAEP, TIMSS, PISA, NAPLAN), few studies have looked for links between 
cognitive and affective aspects of student capability, or looked across the separate 
curriculum areas of mathematics and science. 
The findings are also significant in establishing that, although similarly 
named aspects of capability can capture student thinking and practice in mathematics 
and science, these aspects have different meanings, emphases and characteristics in 
the two domains. For example, Skills and Procedures in mathematics was essentially 
algorithmic, while in science this capability was assessed almost entirely in the 
performance assessment and was related to skills in carrying out experiments. Thus, 
traditions of practice, learning and assessment are different in  mathematics and 
science, reflecting the distinct subject cultures described by Siskin (1994) and the 
significantly different traditions in thinking scientifically and mathematically.  The 
results from this project support the need to create separate frameworks of student 
capability in mathematics and science in order to capture the individual practices 
within each subject.  
 
9.4 Limitations of the study 
 
The assessment items were constructed under severe time pressure imposed 
by the practicalities of the IMYMS project. While the composition of the written 
assessments was intended to follow a strict template (see Section 4.3.4) that would 
cover Conceptual Understanding, Skills and Procedures, and what was regarded as 
the two higher-order aspects of Reasoning and Inquiry, as well as the Nature of 
Mathematics (or Science), this proved more difficult than anticipated. A 
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reclassification of the items after the assessments had been administered, resulted in 
a small number of items being classified as addressing Factual Knowledge, which 
had not been intended to be included, as well as an uneven pattern of representation 
of the other aspects of capability across the different assessments. This meant that the 
nature of the assessments, including the balance of items, has to some extent had a 
confounding effect on the correlations. Part of the issue for the team was the lack of 
validated items in some aspects, for instance the Nature of Mathematics and the 
Nature of Science, and these had to be constructed. This led to very short scales for 
these aspects, as was the case for Factual Knowledge, rendering the correlations with 
these aspects of capability as unreliable. Similarly, when aspects of capability were 
represented entirely or almost entirely in only the performance assessments (for 
example Inquiry in mathematics and Skills and Procedures in science), possible 
effects due to the type of assessment needed to be considered. 
In discussions with the project team about the development of a common set 
of aspects of student capability in mathematics and science, the aspects of capability 
comprising the model were identified as appropriate for both mathematics and 
science. However, there were subtle discrepancies in meaning of particular words 
and terminology between mathematics and science; for example the aspect of 
capability labelled Skills and Procedures appears to have had a different meaning for 
each subject, despite care being taken to arrive at a definition that took each domain 
into account.  
Productive Disposition in this study was assessed opportunistically using part 
of the IMYMS survey of students’ perceptions of classroom practice, learning 
preferences, and dispositions towards mathematics and science (see Section 4.3).  
The results suggest that for one of the statements classified under Aspiration students 
may have been confused by its intent. More importantly, it is not clear that the survey 
addressed all of the aspects underlying the definition of Productive Disposition as 
used in this thesis and as found in earlier research, which focuses on student 
willingness to use mathematics and science ideas in their everyday life. The 
implications of this for interpreting the finding of minimal correlation with the 
cognitive aspects are not clear. 
Nevertheless, this study provides groundwork for educators to begin thinking 
about how to assess Productive Disposition and also how to improve positive 
attitudes about mathematics and science in our students.  
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9.5 Implications for future research 
 
More research is needed on the distinctiveness of these aspects of student 
capability in mathematics and science. Clearly the domains have different traditions 
and histories, and while each strand described important aspects of capability in each 
subject, they represented different practices, were differently weighted in the 
assessments, and were found to have subtly different meanings.  
Additional research is needed to investigate the link between assessment and 
pedagogy. We need to understand how a focus on a richer model of capability 
interacts with what happens in classrooms. 
For Australia to remain competitive in the future we need to change students’ 
attitudes to mathematics and science within our education system and increase 
student participation in these subjects in order to ensure rising standards in 
mathematics and science, at school and university level. The finding that Productive 
Disposition was not correlated with the cognitive capabilities was surprising and 
contradicts previous findings. One reason for this could have been that the aspect of 
Productive Disposition that was measured was not entirely consistent with the 
definition as found in Kilpatrick et al.’s (2001) model of Mathematical Proficiency. 
Further research  is needed  around the aspect of Productive Disposition to enable 
professionals to find ways to create more accurate constructs for Productive 
Disposition and then develop assessments that would identify this aspect of 
capability in students. 
It is to be hoped that future research will contribute to, and find, further ways 
to identify, develop, and assess the seven aspects of capability in mathematics and 
science that formed the basis for this thesis.  
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Appendix 2: The Curriculum Audit Letter 
 
IMYMS 
CURRICULUM AUDIT FOR MATHS AND SCIENCE FOR 2005 
 
Dear Colleague, 
 
Could you please provide a copy of your 2005 Mathematics and Science Course 
Information or Planning Units for the Project Classes. 
We have provided a list of the CSFII outcomes for Science for Levels 3, 4, 5 and 6 
for the 4 topics in Science – Earth, Chemistry, Physics and Biology and also the list 
of the CSFII outcomes for Mathematics for Levels 3, 4, 5, and 6 in the 5 strands – 
Number, Space, Algebra, Chance & Data, and Measurement. 
We would appreciate this information no later than Friday 20th August 2004. 
The address for mailing this photocopied information is to 
 
C/O Christine Kakkinen 
Deakin University – Burwood Campus 
Burwood Highway 
 
 
 
 236
Appendix 3: Science CSFII Strands and Outcomes 
Level 3 
Biological science 
Living together: past, present and future 
3.1 Describe environmental factors that affect the survival of living things. 
Structure and function 
3.2 Identify the main structural features that work together to form systems in plants 
and animals. 
Chemical science 
Substances: structure, properties and uses 
3.1 Classify a range of materials as solids, liquids or gases according to observable 
properties. 
Reaction and change 
3.2 Describe examples of changes in common substances. 
Earth and space sciences 
The changing Earth 
3.1 Describe how features of the landscape are altered by the processes of weathering 
and erosion. 
Our place in space 
3.2 Relate the Earth’s rotation on its axis to the day and night cycle. 
Physical science 
Energy and its uses 
3.1 Identify transformations of energy involving electricity, light, sound, heat and 
movement. 
Forces and their effects 
3.2 Identify the action of forces in everyday situations. 
Level 4 
Biological science 
Living together: past, present and future 
4.1 Identify relationships between living things which help them survive in their 
habitat. 
Structure and function 
4.2 Describe how selected systems of plants and animals function. 
Chemical science 
Substances: structure, properties and uses 
4.1 Relate properties of common substances to their suitability for particular use. 
Chemical reactions 
4.2 Distinguish between physical and chemical change. 
Earth and space sciences 
The changing Earth 
4.1 Relate the occurrence of natural events to atmospheric changes and movements 
of the Earth’s crust and mantle. 
Our place in space 
4.2 Compare characteristics of members of our solar system. 
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Physical science 
Energy and its uses 
4.1 Design, build and describe the operation of simple devices that transfer or 
transform energy. 
Forces and their effects 
4.2 Describe the motion of objects in terms of simple combinations of forces. 
Level 5 
Biological science 
Living together: past, present and future 
5.1 Explain the biological basis of classification of organisms into major groups. 
5.2 Describe interactions between living things and between living things and their 
non-living surroundings. 
Structure and function 
5.3 Relate the structure and organisation of different cells to their function. 
5.4 Explain how plants and animals obtain, transport and use nutrients. 
Chemical science 
Substances: structure, properties and uses 
5.1 Use a simple particle model to explain the structure and properties of solids, 
liquids and gases. 
5.2 Relate the safe use and disposal of common substances to their physical and 
chemical properties. 
Chemical reactions 
5.3 Describe ways of producing a chemical change and influencing its rate. 
5.4 Relate simple procedures for preparing and separating mixtures to medical and 
industrial procedures. 
Earth and space sciences 
The changing Earth 
5.1 Describe the formation, composition and cycling of rocks. 
5.2 Relate the properties of rocks to the ways in which they are used. 
Our place in space 
5.3 Describe how the positions of the planets, moon, sun and stars affect natural 
phenomena. 
5.4 Describe major components of the universe. 
Physical science 
Energy and its uses 
5.1 Describe the characteristics and applications of the transmission and reflection of 
energy in the form of heat, light and sound. 
5.2 Describe the operation of direct current (DC) series and parallel circuits in terms 
of current and voltage. 
Forces and their effects 
5.3 Describe simple magnetic and electrostatic effects in terms of a field model. 
5.4 Explain how mechanical systems can direct and modify force and motion. 
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Level 6 
Biological science 
Living together: past, present and future 
6.1 Explain how ecosystems are maintained in terms of energy and matter. 
6.2 Evaluate theories concerning evolution of organisms. 
Structure and function 
6.3 Describe regulation and coordination in plants and animals. 
6.4 Explain cellular processes, including photosynthesis and respiration. 
6.5 Describe the genetic basis of inheritance. 
Chemical science 
Substances: structure, properties and uses 
6.1 Relate the properties of fundamental groupings of substances to the nature of 
their constituent particles. 
6.2 Describe the similar characteristics of groups of elements in the periodic table. 
Chemical reactions 
6.3 Specify the characteristics, chemical reactions and usefulness to society of groups 
of similar substances. 
6.4 Represent chemical change, using chemical symbols and formulas. 
Earth and space science 
The changing earth 
6.1 Explain implications of crustal movements of the Earth. 
6.2 Describe the extraction, processing and use of geological resources and 
associated environmental and social issues. 
Our place in space 
6.3 Compare theories about the origin and evolution of the universe. 
Physical science 
Energy and its uses 
6.1 Relate the behaviours of light, such as reflection, refraction, absorption and 
polarisation, to uses in technology. 
6.2 Describe the effect of electronic and electrical components in the operation of 
electronic and electromagnetic devices. 
Forces and their effects 
6.3 Explain how different forces act together to affect the motion of objects. 
6.4 Describe relationships between force, mass, acceleration and velocity, using 
quantitative data. 
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Appendix 4:  Examples of the Curriculum Audit for Two 
Secondary Schools 
 
Science -- Secondary School A – Year 7/8 – CSF Level 5 
 
Strand Description 
Chemical 
Science 
Household Chemistry – Acids and Bases, Solutions 
and Suspensions, Colloids, gels, aerosols, 
emulsions, Skin investigations, fibres – making and 
testing, Toothpaste, hand creams and soap. 
Biological 
Science 
Plants – classification of flowering plants, plant 
reproduction systems, respiration, photosynthesis 
and adaptations. 
Biological 
Science 
Feral Science – impact of various introduced 
species in Australia. 
Biological 
Science 
Psychology and human biology – brain and 
nervous system. 
Physical Science Motion of objects – forces acting on objects, 
transfer and conversion of energy, velocity and 
speed, kinetic energy, affect of gravity, work and 
making work easier/simple. 
Chemical and 
Physical Science 
Atoms, molecules and ions. Metals and non-metals. 
Two metal families. Metal reactivity. Acids and 
bases. Chemical equations. Plastics, monomers, 
atoms, molecules, polymers, Fibres, colloids, gels, 
making face cream, soap. Forensic science – fibres, 
soil testing, DNA, finger-prints. 
Physical Science Electric Circuits – simple circuits, static electricity, 
ammeters and voltmeters, resistance, resistors, 
series and parallel circuits, electricity at home, 
power, model solar boat challenge. 
Earth and Space 
Sciences 
The mysterious universe – theories about the origin 
and evolution of the universe and aspects of space 
technology. Construction and launch of model 
rockets.  
Earth and Space Sciences Weather 
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Science -- Secondary School B – Year 8 – CSF Level 5 
 
Strand Description 
Physical Science 
Earth and Space Science 
Energy – electricity, heat, light, motion and 
machines, energy conservation and alternative 
energy. Nuclear energy and environmental and 
social issues. 
Chemical Science 
Biological Science 
Science in the Home – plastics, cosmetics. 
Investigate toothpaste, detergent, disinfectant. 
HAZCHEM codes. 
Biological Science The Human Body – body systems and function, 
bones and muscles, digestion, respiration and 
circulation. Health concerns – cancer, heart 
disease, medical technologies and good health 
practices. 
Biological Science  
Chemical Science 
Physical Science 
Motion, energy forces and combustion. 
Investigation of drugs and their effects on driver 
performance using TAC materials. Safety on the 
road, understanding of road laws. Use of 
observations to explain physical phenomena, the 
mechanics of vehicles and reasons behind the road 
rules. 
Physical Science Technology – history, local, problem-solving 
activities, modelling projects. 
Biological Science Agriculture – raising of crops, and, or, livestock, 
to provide food fibre and other materials. 
Investigation of farming systems in Australia with 
respect to factors influencing production methods, 
marketing and world trends.  
Earth and Space Sciences Dinosaurs, Fossils and Space. Light years, 
existence of life on Earth, the Universe, Dinosaurs 
extinct, fossil reveal, birthstones, astronaut, star 
signs. 
Biological Science Environmental Issues – greenhouse effect, 
domestic garbage, water quality, local coastal 
marine environment and wilderness. 
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Mathematics – Secondary School A – Year 8 – CSF Level 5 
 
STRAND DESCRIPTION 
Number Number lines, number planes, positive 
and negative numbers, integers, indices, 
calculators and exponents, squares and 
cubes and square roots 
Space Nets of solids, plans and cross sections, 
transforming plane shapes, symmetry, 
lines and order, enlargement and 
reductions 
Algebra Rules and graphs, interpreting graphs, 
distributive laws, factorizing, graphs of 
linear equations and inequalities,  
Chance and Data Random events, probability, data, tables, 
simulating sporting and gaming games 
Reasoning and Strategies Problem solving with algebra 
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Mathematics – Secondary School B – Year 8 – CSF Level 5 
 
STRAND DESCRIPTION 
Number Money 
Space Making models in real world, triangles, 
2D and 3D shapes, map making, 
designing, tracking a path, motion, and 
perspective. 
Algebra Integers, number plane, algebra concepts, 
solving equations, scatter graphs, 
distance time and speed, line graphs. 
Measurement Perimeter, area, volume, scales, angles, 
Pythagoras theorem and trigonometry. 
Scoring systems, competition ladders, 
speed of athletes, orienteering and 
navigation. 
Chance and Data Real Life events are simulated. Data 
generated through the use of graphical 
calculators, computers, dice and spinners. 
Statistical information. 
Reasoning and Strategies Investigate Einstein, superstitious, 
development of mathematical ideas, 
patterns, history of the early Greeks and 
Egyptians to present technology of today. 
The environment on a local and global 
scale. 
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Appendix 5: A Secondary Science Assessment 
 
IMPROVING MIDDLE YEARS MATHEMATICS AND SCIENCE 
 
DO NOT make any marks on this booklet. 
Write your answers on the separate ANSWER SHEET provided. 
            
 
How to record your answers to the test questions 
There are two different types of questions in this test booklet. 
Below there are practice examples of these types of questions. 
 
Practice question 1 
This is an example of the first type of question: 
 
Trees are: 
A. Animals 
B. Minerals 
C. Plants 
D. Reptiles 
 
For this type of question, select your answer from the list. 
 
Colour the letter A, B, C, or D for your answer on the ANSWER SHEET provided. 
 
Check the number of the question that you are answering. 
Make sure that you colour your answer to the right question. 
 
Practice question 2 
This is an example of the second type of question: 
 
 Some birds cannot fly. 
 Write the name of a bird that cannot fly. 
 
 Write your answer in the space provided on the ANSWER SHEET. 
 Do not write on this booklet. 
 
Check the question number of the question that you are answering. 
Make sure that you write your answer in the correct space for this question. 
 
DO NOT OPEN THE TEST BOOKLET UNTIL YOU ARE TOLD TO DO SO 
Some items in this test are modifications of IEA copyright items. 
©Deakin University 2005 
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Question 1 
When a bird sings, it is most likely singing in order to: 
 
A.  Mark the bird’s territory against the same type of bird. 
B.  Frighten away other types of birds. 
C.  Wake up other animals. 
D.  Attract insects. 
 
Question 2 
Which BEST explains why green marine algae are most often restricted to the top 
100 meters of the ocean? 
 
A.  They can live only where there is light. 
B.  They have no roots to anchor them to the ocean floor. 
C.  The pressure is too great for them to survive below 100 meters. 
D.  If the algae lived below 100 meters they would be eaten by animals. 
 
Question 3 
The diagram below shows an example of interdependence among aquatic organisms.  
During the day the organisms either use up or give off (a) or (b) as shown by the 
arrows. 
 
Choose the right answer for (a) and (b) from the alternatives given. 
 
A.  (a) is oxygen and (b) is carbon dioxide. 
B.  (a) is oxygen and (b) is carbohydrate. 
C.  (a) is nitrogen and (b) is carbon dioxide. 
D.  (a) is carbon dioxide and (b) is oxygen. 
 
Question 4 
The male insects in a population are treated to prevent sperm production. 
Would this reduce this insect population? 
 
A.  Yes, because the males would die. 
B.   No, because the insects would still mate. 
C.  No, because it would not change the offspring mutation rate. 
D.  Yes, because it would sharply decrease the reproduction rate. 
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Question 5 
This diagram shows the Food Decay Cycle. 
 
 
Which of the following sequences can be found in this cycle? 
 
A. 
  
B. 
  
C.   
 
D.   
 
Question 6 
In the picture of an aquarium, six items are labelled. 
 
Explain why each of the following is important in maintaining the ecosystem 
in the aquarium. 
 
(a) the plant 
 
 (b) the light 
 
 
 
Write your answer to this question in the space provided on the answer sheet. 
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Question 7 
Maria collected the gas given off by a glowing piece of charcoal.  
The gas was then bubbled through a small amount of colourless limewater.  
Part of Maria’s report stated, “After the gas was put into the jar, the limewater 
gradually changed to a milky white colour.”  
 
This statement is:
 
A.  A conclusion. 
B.  An hypothesis. 
C.  An observation. 
D.  A generalization. 
 
Question 8 
A girl had an idea that plants needed minerals from the soil for healthy growth. 
She placed a plant in the Sun, as shown in the diagram. 
 
In order to check her idea she also needed to use another plant.  
 
Which of the following should she use? 
 
 
 
 
 
 
 
 
       A            B   C                  D 
 
Question 9 
Whenever scientists carefully measure any quantity many times, they expect that: 
 
A.  All of the measurements will be exactly the same. 
B.  Only two of the measurements will be exactly the same. 
C.  All but one of the measurements will be exactly the same. 
D.  Most of the measurements will be close but not exactly the same.
 
Question 10 
In science a theory is: 
 
A. An idea that scientists develop and test through experimenting and observing.  
B. An idea that scientists dream up ,before they find out the real facts. 
C. A name we give to facts we discover by doing experiments. 
D. Patterns and relationships that scientists have observed.  
Sand, minerals and 
water 
Dark 
Sand and water 
Dark 
Sand and water 
Sunlight 
Sand and minerals 
Sunlight 
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Question 11  
AMOUNT OF OXYGEN PRODUCTION IN A POND 
Location Oxygen produced 
Top metre 4 grams/cubic metre 
Second metre 3 grams/cubic metre 
Third metre 1 grams/cubic metre 
Bottom metre 0 grams/cubic metre 
 
Which statement is consistent with the data in the table? 
 
A.  The greater the pressure the more oxygen occurs. 
B.  The rate of oxygen production is not related to depth. 
C.  More oxygen production occurs near the surface because there is light there. 
D.  More oxygen production occurs near the bottom because there are plants there. 
 
Question 12  
Some children were trying to find out which of three light bulbs was brightest. 
 
Which one of these gives the best START toward finding the answer? 
 
A.  “One bulb looks brightest to me, so I already know the answer.” 
B.  “All the bulbs look bright to me, so there cannot be an answer.” 
C.  “It would help if we had a way to measure the brightness of a light bulb.” 
D.  “We can take a vote and each person will vote for the bulb he or she thinks is the 
brightest.” 
 
Question 13  
Joanne is a scientist working on marine plants and animals.  
Each day she goes in a boat to dive and make measurements as part of an 
experiment.  
 
The reason scientists do experiments is: 
 
A.  To discover facts about the world and its wonders. 
B.  To invent things like cures or solutions to problems. 
C.  To find and describe patterns and relationships between things. 
D.  To develop and test out ideas and theories that help us understand more deeply. 
 
Question 14  
Which of the following is a question that could be answered by doing a science 
experiment in class? 
 
A.  What is the least number of straws I can use to build a one metre tower? 
B.  What was my classmates’ favourite science topic last year? 
C.  What things affect how fast a parachute falls? 
D.  What is electricity? 
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Question 15  
A uniform rod is pivoted at its centre.  
It is acted on by two forces in the same plane.  
Each force has the same size, equal to 10 N (Newtons).  
 
In which case is there a turning effect? 
 
Question 16  
A curved groove is placed on a level table as shown in the diagram. 
A ball is pushed in the groove at P, so that it leaves at Q. 
These diagrams show the level table and the groove from above.  
 
  
 
Which diagram shows how the ball will move when it leaves the groove at Q? 
 
Question 17  
A skateboard rider is skating on level ground.  
The rider stops kicking and the skateboard slows down and stops. 
 
The skateboard stops because: 
 
A.  Friction forces from the ground slow it down. 
B.  The force from the rider’s kick runs out.
C.  Things always slow down. 
D.  Gravity acts to stop it. 
A.   B.   
C. D.   
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Question 18  
The diagram shows a safety valve designed to release some of the steam from a 
boiler if the pressure rises above a certain level. 
Which of the following changes to the mass and location of the mass would 
definitely cause the gas to be released at a lower level?  
 
A.  Increase the mass and move it to the left. 
B.  Increase the mass and move it to the right. 
C.  Decrease the mass and move it to the left.  
D.  Decrease the mass and move it to the right. 
 
Question 19  
The diagram shows three wheels that are free to rotate.  
 
When wheel X rotates in a clockwise direction, wheel Y will rotate: 
 
A.  Clockwise faster than wheel X.  
B.  Anti-clockwise faster than wheel X.  
C.  Clockwise slower than wheel X. 
D.  Anti-clockwise slower than wheel X. 
 
Question 20  
A boy is trying to pull a friend on a Billy-cart up a hill 
but cannot make it move. 
 
What forces, if any, might be acting in this situation? 
 
Write your answer to this question in the space 
provided on the answer sheet. 
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Question 21 
Which of the following is NOT a mixture? 
 
A. Air 
B. Salt 
C. Blood 
D. Orange juice 
 
 
Question 22 
A powder made up of both white specks and black specks is likely to be 
 
A. a solution 
B. a pure compound 
C. a mixture 
D. an element 
 
 
Question 23 
If a neutral atom loses an electron, what is formed? 
 
A. A gas 
B. An ion 
C. An acid 
D. A molecule 
 
 
Question 24 
If you took all the atoms out of a chair, what would be left? 
 
A The chair would still be there, but it would weigh less. 
B The chair would be exactly the same as it was before 
C There would be nothing left of the chair 
D Only a pool of liquid would be left on the floor. 
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Question 25 
This table shows the atomic structure of some elements. 
 
Atomic structures of elements are often represented by models. Which model best 
represents the atomic structure of a helium atom? 
 
 
 
 A. Model A  
B. Model B 
C. Model C  
D. Model D 
 
 
 
Question 26 
 
Draw a picture that shows how ice and water are different 
 
Write your answer to this question in the space provided on the answer sheet.  
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Appendix 6: A Primary Mathematics Assessment 
 
 
IMPROVING MIDDLE YEARS MATHEMATICS AND SCIENCE 
 
DO NOT make any marks on this booklet. 
Write your answers on the separate ANSWER SHEET provided. 
            
 
How to record your answers to the test questions 
There are two different types of questions in this test booklet. 
Below there are practice examples of these types of questions. 
 
Practice question 1 
This is an example of the first type of question: 
 
 2 + 3 =  
A.   2 
B.   3 
C.   4 
D.   5 
E.    
For this type of question, select your answer from the list. 
 
Colour the letter A, B, C, or D for your answer on the ANSWER SHEET provided. 
 
Check the number of the question that you are answering. 
Make sure that you colour your answer to the right question. 
 
Practice question 2 
This is an example of the second type of question: 
 
 A shape has 3 sides 
 Write the name of the shape. 
 
 Write your answer in the space provided on the ANSWER SHEET. 
 Do not write on this booklet. 
 
Check the question number of the question that you are answering. 
Make sure that you write your answer in the correct space for this question. 
 
DO NOT OPEN THE TEST BOOKLET UNTIL YOU ARE TOLD TO DO SO 
 
Some items in this test are modifications of IEA copyright items. 
©Deakin University 2005 
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Question 1 
There is only one red marble in each of these bags. 
Without looking in the bags, you are going to pick one marble from one of the bags. 
 
Which bag would give you the greatest chance of picking the red marble? 
 
A.  The bag with 10 marbles 
B.  The bag with 100 marbles 
C.  The bag with 1000 marbles 
D.  All bags will give the same chance 
 
Question 2 
The graph shows 500 cedar trees and 150 hemlock trees. 
 
How many trees does each represent? 
 
A.     5 
B.      6  
C.  100 
D.  650 
 
Question 3 
These are three spinners used in a game. 
 
Which of the following shows the order from 
most likely to least likely for the spinner to land 
on a shaded part? 
 
A.  Spinner 1 Spinner 2 Spinner 3  
B.  Spinner 2 Spinner 3 Spinner 1 
C.  Spinner 2 Spinner 1 Spinner 3 
D.  Spinner 3 Spinner 1 Spinner 2 
1
2
SpinSpin Spi
 254
Question 4 
Kylie and Bob are playing a game. 
The object of the game is to get the highest total of points. 
This table shows how many points they each scored. 
 
Player Kylie Bob 
Round 1 125 100 
Round 2 125 125 
Round 3 150 100 
Round 4   50 150 
 
Who won, and by how much? 
 
A.  Bob won by 25 points. 
B.  Bob won by 100 points 
C.  Kylie won by 25 points. 
D.  Kylie won by 175 points. 
 
Question 5 
The graph shows the heights of four girls. 
The names are missing from the graph. 
Debbie is the tallest. 
Amy is the shortest. 
Dawn is taller than Sarah. 
 
How tall is Sarah? 
 
A.    75 cm
B.  100 cm 
C.  125 cm 
D.  150 cm 
 
Question 6
The graph shows the number of cartons 
of milk sold each day of the week at a 
school. 
 
 
 
 
How many cartons of milk did the 
school sell on Monday? 
 
How many cartons of milk did the school sell that week? 
 
Write your answer to this question in the space provided on the answer sheet.
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Question 7 
Matchsticks are arranged as shown in the figures. 
                     
Stage 1     Stage 2   Stage 3 
 
If the pattern is continued, how many matchsticks would be needed to make Stage 4?  
 
How many matchsticks would be needed for Stage 7? 
 
Explain a way you could use to find the number of matchsticks needed for Stage 50 
without drawing it and counting. 
 
Write your answer to this question in the space provided on the answer sheet. 
 
Question 8 
Your parents have said you can have a mobile phone when you go to secondary 
school, but you must pay for the calls yourself. 
 
You have collected details of two mobile phone plans as shown in the table below. 
 
Plan Monthly Fee Rate per minute Free minutes per month 
  Day 
(8 am – 6 pm) 
Night 
(6 pm – 8 pm) 
 
Plan A $20 30c 10c 180 
Plan B $15 20c 20c 120 
  
You have been using your friend’s mobile phone for the last month and you know 
that you talk for less than 2 hours per month. 
 
Which would be the cheapest plan for you and why? 
 
 
Write your answer to this question in the space provided on the answer sheet. 
 
 
 256
Question 9 
The following diagram represents the first seven positive whole numbers. 
 
  1 2 3 4 5 6 7 
  * * * * * *  * * *  * * *  * * * * 
   * * * *  * *    * * *  * * *  
 
Jack said that if you add two ODD numbers the total will ALWAYS be an EVEN 
number. 
 
Is Jack correct? 
 
How do you know? 
 
Write your answer to this question in the space provided on the answer sheet. 
 
Question 10 
Jill tore the corners off a triangle. 
She fitted them together to make a straight line (180º). 
 
 
Jill said that this PROVED that the three angles of a triangle ALWAYS make a 
straight line (180º). 
 
Is Jill correct? 
 
A.  Yes, because it looks straight 
B.  Yes, because the torn off corners did make a straight line 
C.  No, because she showed it for only one triangle 
D.  No, because not all triangles have the same shape 
 
Question 11 
 
Subtract:    6000 
  –2369 
 
A.  4369 
B.  3742 
C.  3631 
D.  531 
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Question 12 
Janis, Maija, and their mother were eating a cake. 
Janis ate 
1
2
 of the cake. 
Maija ate 
1
4
 of the cake. 
Their mother ate 
1
4
 of the cake. 
 
How much of the cake was left? 
 
A.  
3
4
 
B.  
1
2
 
C.  
1
4
 
D.  None 
 
Question 13 
 
25 x 18 is more than 24 x 18 
 
How much more? 
 
A.  1 
B.  18 
C.  24 
D.  25 
 
Question 14 
There are 54 marbles and they are put into 6 bags. 
There is the same number of marbles in each bag. 
 
How many marbles would 2 bags hold? 
 
A. 108 
B.   18 
C.   12 
D.     9 
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Question 15 
In Toshi’s class there are twice as many girls as boys. 
There are 8 boys in the class. 
 
What is the total number of children in the class? 
 
A.  12 
B.  16 
C.  20 
D.  24 
 
Question 16 
In a game, Mysong and Naoki are making addition problems. 
They each have four cards like these: 
 
The winner of the game is the person who can make the problem with the largest 
answer. 
 
Who won this game? 
 
 
 
Show how you would place number cards to beat both Mysong and Naoki. 
 
 
 
Write your answer to this question in the space provided on the answer sheet. 
 
 
Question 17 
Which of these could equal 150 millilitres? 
 
A.  The amount of water in a cup 
B.  The length of a kitchen 
C.  The weight of an egg 
D.  The area of a coin 
MY NA
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Question 18 
George practised soccer six days a week. 
For 3 of the days he practised for 45 minutes. 
For 3 of the days he practised for 20 minutes. 
 
In hours and minutes, what is the total amount of time George practised on those six 
days? 
 
A.  2 hours 20 minutes 
B.  2 hours 55 minutes 
C.  3 hours 5 minutes 
D.  3 hours 15 minutes 
 
Question 19 
 
Which of these is closest to the length of the pencil in the figure? 
 
A.    9 cm 
B.  10.5 cm 
C.  12 cm 
D.  13.5 cm 
 
Question 20 
Four children measured the width of a room by counting how many paces it took 
them to cross it. 
The table shows their measurements. 
 
Name Number of paces 
Stephen 10 
Mary   8 
Anna   9 
Carla   7 
 
Who had the longest pace? 
 
A.   Stephen 
B.  Mary 
C.  Anna 
D.  Carla 
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Question 21 
A thin wire 20 centimetres long is formed into a rectangle. 
 
If the width of the rectangle is 4 centimetres, what is its length? 
 
A.    5 centimetres 
B.    6 centimetres 
C.  12 centimetres 
D.  16 centimetres 
 
Question 22 
The area of each square in the grid is 1 square centimetre. 
What is the area of the shape? 
 
Explain how you worked it out. 
 
Write your answer to this question in the space provided on the answer sheet. 
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Appendix 7:  Three Examples of TIMSS Performance Assessment 
Tasks 
 
DICE 
At this station you should have: 
One of a pair of dice (This is called a die) 
A shaker 
 
Read ALL directions carefully. 
 
Your task 
 
Find out what happens when you use a rule to change the numbers that turn up when 
a die is thrown. 
 
 
This is what you should do: 
 
The rule for changing the numbers is: 
• If an ODD number turns up, take away 1 and record the result. 
• If an EVEN number turns up, add 2 and record the result. 
 
1. In the table below, two examples have already been recorded for you.  
Use the rule to find out what the other changed numbers will be. 
 Complete the table. 
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2. What do you notice about the numbers you recorded? 
 
 
 
 
 
3. Throw the die 30 times. 
 Each time you throw the die change the numbers that you turn up using the 
 rule. 
 Each time record the number on the die and the changed number. 
 Write the numbers in the table below. 
 
Number  
on die 
Changed 
number 
 Number  
on die 
Changed 
number 
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4. Look again at the table you filled in for question number 3. 
How many times did you record each of the following numbers in the  
“Changed numbers” column? 
 
Changed number Number of times recorded 
0  
1  
2  
3  
4  
5  
6  
7  
8  
 
5. a Which changed number did you record most? 
 
 
 
 
 
 
 
 
5. b Why did it happen this way? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PUT EVERYTHING BACK THE WAY THAT YOU FOUND IT SO THAT 
SOMEONE ELSE CAN USE THIS STATION 
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PLASTICINE 
 
At this station you should have: 
Some plasticine 
A balance 
Plastic bag 
A 20g and a 50g mass (weight) 
Sticky labels 
 
Read ALL directions carefully. 
 
 
Your task 
 
Use the balance to weigh different amounts of plasticine as carefully as you can. 
Then explain how you made them. 
 
 
 
Before starting the task: 
MAKE SURE THE PANS ARE BALANCE WHEN EMPTY 
IF THEY ARE NOT, ASK THE TEACHER FOR HELP 
 
1. a Use the balance to make a lump of plasticine that weighs 20g 
 When you have made the 20g lump, write 20g on a sticky label and put it on 
 the lump. Put the lump in a plastic bag . 
 
1. b Write down how you made the 20g lump. 
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2. a Use the balance to make a lump of plasticine that weighs 10g. 
 When you have made the 10g lump, write 10g on a label and stick it on the 
 lump. Put the lump in the plastic bag with the 20g lump. 
 
 
 
2. b Write how you made the 10g lump/ 
 
 
 
 
 
3. a Use the balance to make a lump of plasticine that weighs 15g. 
 When you have made the 15g lump, write 15g on a label and stick it on the 
 lump. Put the lump in the plastic bag with the other lumps. 
 
 
 
3. b Write down how you made the 15g lump. 
 
 
 
 
 
 
 
 
 
4. a Make a lump of plasticine that weighs 35g. 
When you have made the 35g lump write 35g on a label and stick it on the  
lump. Place the 35g lump in the bag with the other lumps. 
 
4. b Write down how you made the 35g lump. 
 
 
 
 
 
 
HAND IN THE BAG WITH THE LUMPS OF PLASTICINE YOU HAVE 
WEIGHED 
MAKE SURE THAT YOUR NAME IS ON THE BAG 
LEAVE EVERYTHING ELSE AS YOU FOUND IT 
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PULSE 
 
At this station you should have: 
 
A clock with a second hand 
A step on the floor to climb on 
 
Read ALL directions carefully. 
 
Your task 
 
Find out how your pulse changes when you climb up and down on a step for 5 
minutes. 
 
 
This is what you should do: 
 
Find your pulse and be sure that you know how to count it. 
IF YOU CANNOT FIND YOUR PULSE ASK A TEACHER FOR HELP. 
Count your pulse for 10 seconds. 
Write this number of counts in the table below in the line marked 0 minutes. 
 
1. Now climb up and down on the step for 5 minutes. Stop every minute 
and write your 10 second pulse count in the table below. 
 
Number of minutes climbing Number of pulse counts in 10 seconds 
0 minutes  
1 minute  
2 minutes  
3 minutes  
4 minutes  
5 minutes  
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2. How did your pulse change during this exercise? 
 
 
 
3. Why do you think that your pulse changes in this way? 
 
 
 
 
PUT EVERYTHING BACK THE WAY THAT YOU FOUND IT SO THAT 
SOMEONE ELSE CAN USE THIS STATION 
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Appendix 8: Performance Testing Timetable at Surfcoast Cluster 
 
Performance Testing Timetable at Surfcoast Secondary School for Coastal Cluster 
Mon 15 March 
Coastal 
Secondary 
Tues 16 March 
Coastal 
Secondary 
Wed 17 March 
Coastal 
Secondary 
Thurs 18 March 
Coastal 
Secondary 
Frid 19 March 
Coastal 
Secondary 
 
 
 
 
SSS – C7B 
11.45 – 12.45 
 
 
 
Bells  Primary 
School 
5/6 C 
9am – 10.35am 
 
 
 
 
SSS – G7B 
9am – 10.15am 
 
 
 
 
SSS – L7B 
9am – 10.15am 
 
 
SSS – C7A 
9.00am – 
10.15am 
 
 
OHS – G7A 
10.20am – 
11.35am 
 
 
 
Surfcoast South 
Primary School 
5/6M 
11am – 
12.35pm 
  
 
 
 
 
SSS – T7A 
10.20 – 11.20 
 
 
 
 
 
 
 
 
SSS – C7C 
12.00 – 1.15pm  
 
 
 
OHS – C7C 
1.30 – 2.25 
 
 
SSS – T7B 
12.00pm – 
1.15pm 
 
 
 
Surfcoast South 
Primary School 
5/6 W 
1.30pm -  
3.05pm 
 
 
 
Surfcoast South 
Primary School 
– B. H’s class 
1.30 – 3.05pm 
 
 
SSS – L7A 
2.10pm – 
3.25pm 
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Performance Testing Timetable at Bells Primary School for Coastal Cluster 
 
TPS sessions Mon 15 
March 
Tues 16 
March 
Wed 17 
March 
Thurs 18 
March 
Fri 19 March 
 
 
 
9am – 
10.35am 
 
 
 
Brae Primary 
 
 
 
Seachange 
Primary 
 
 
 
Mt Daniel 
Primary 
 
 
 
Bells Primary 
 
 
 
Bells 
Primary 
recess recess recess recess recess recess 
 
 
11am – 
12.35pm 
 
 
Brae Primary 
 
 
Seachange 
Primary 
 
 
Bells Primary 
 
 
Bells 
Primary 
 
 
Bells 
Primary 
lunch lunch lunch lunch lunch lunch 
 
 
 
1.30pm – 
3.05pm 
  
 
 
Seachange 
Primary 
 
 
 
Bells Primary 
 
 
 
Bells 
Primary 
 
 
 
Bells 
Primary 
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Appendix 9:  List of Clusters and Schools Involved in the IMYMS 
Project  
 
Surfcoast Cluster* 
Surfcoast Secondary College 
Seachange Primary School 
Brae Primary School 
Mt Daniel Primary School 
Surfcoast Primary School 
Surfcoast South Primary School 
Bells Primary School 
Parkland Cluster 
Parkland High School 
Banks Primary School 
Halliday Primary School 
Parkland East Primary School 
Parkland Primary School 
Roberts Primary School 
 
Hume Cluster 
Hume Secondary College 
Hume Primary School 
Lesley Primary School 
Reilly Primary School 
 
Ocean Cluster 
Ocean Secondary School 
River Secondary School 
Ocean Primary School 
Meenyan Primary School 
Mona Primary School 
Nugent Primary School 
Mountain Primary School 
St Bede’s Primary School 
Pelican Primary School 
River Primary School 
Timber Primary School 
Thomas’ Arm Primary School 
 
* All cluster and school names are pseudonyms 
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Appendix 10: The IMYMS Components of Effective Teaching and 
Learning 
 
1.  The learning environment promotes a culture of value and respect  
1.1  The teacher builds positive relationships through knowing and valuing each 
student  
1.2  The learning environment is characterised by a sense of common purpose and 
collaborative inquiry  
1.3  The learning environment provides a safe place for students to take risks with 
their learning  
1.4  Persistence and effort are valued and lead to a sense of accomplishment 
 
2.  Students are encouraged to be independent and self motivated learners 
2.1  Students are encouraged and supported to take responsibility for their 
learning 
2.2  Students are encouraged to reflect on their learning 
 
3. Students are challenged to extend their understandings 
3.1  Subject matter is conceptually complex and intriguing, but accessible 
3.2  Tasks challenge students to explore, question and reflect on key ideas 
3.3  The teacher clearly signals high expectations for each student  
 
4.  Students are supported to develop meaningful understandings 
4.1  Teaching strategies explore and build on students’ current understandings 
4.2  Individual students’ learning needs are monitored and addressed  
4.3  Students are supported to make connections between key ideas 
4.4  Teaching sequences promote sustained learning that builds over time  
4.5  Learning sequences involve an interweaving of the concrete and the 
abstract/conceptual  
 
5.  Students are encouraged to see themselves as mathematical and scientific 
thinkers 
5.1  Students are explicitly supported to engage with the processes of 
investigation and problem solving  
5.2  Students engage in mathematical/scientific reasoning and argumentation 
 
6.  Mathematics and Science content is linked with students’ lives and 
interests 
 
7.  Assessment is an integral part of teaching and learning  
7.1  Learners receive feedback to support further learning  
7.2 Assessment practices reflect all aspects of the learning program  
7.3  Assessment criteria are made explicit 
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8.  Learning connects strongly with communities and practice beyond the 
classroom 
8.1  The learning program provides opportunities to connect with local and 
broader communities 
8.2  Learners engage with a rich, contemporary view of mathematics and science 
knowledge and practice 
 
9. Learning technologies are used to enhance student learning 
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Appendix 11:  A Comparison of Curriculum Planning for 2005 
Science in Two Primary Schools  
 
STRAND  LEVEL OUTCOME 
Primary 
School 1 
Primary 
School 2 
Chemical 
science 
4 4.1 Relate 
properties of 
common 
substances to their 
suitability for 
particular use. 
 
Properties of 
substance and 
their uses 
 
 
4.2 Distinguish 
between physical 
and chemical 
change.  
 Chemical change 
Physical science 4 4.2 Describe the 
motion of objects 
in terms of simple 
combinations of 
forces.  
Energy and Force 
 
 
4.1 Design, build 
and describe the 
operation of 
simple devices 
that transfer or 
transform energy.  
 Electricity 
Biological 
Science 
4 4.1 Identify 
relationships 
between living 
things that help 
them survive in 
their habitat.  
Food chains and 
species interaction 
 
 
4.2 Describe how 
selected systems 
of plants and 
animals function.  
 Plant and animal 
structure and 
function 
Earth and 
Space 
4 4.2 Compare 
characteristics of 
members of our 
solar system.  
Earth in space 
 
 
4.1 Relate the 
occurrence of 
natural events to 
atmospheric 
changes and 
movements of the 
Earth’s crust and 
mantle.  
 Natural disasters – 
atmosphere, 
volcanoes 
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Appendix 12:  A Comparison of Curriculum Planning for 2005 
Science in Three Secondary Schools 
 
STRAND  LEVEL OUTCOME Secondary School 1 
Secondary 
School 2 
Secondary 
School 3 
Chemical 
science 
5 5.3 Describe ways of 
producing a chemical 
change and influencing 
its rate. 
 
Acids and 
bases 
Chemical 
reactions 
  
5.1 Use a simple particle 
model to explain the 
structure and properties 
of solids, liquids and 
gases. 
 Properties of 
classes of 
substances 
 
5.1 Use a simple particle 
model to explain the 
structure and properties 
of solids, liquids and 
gases. 
  Particle 
model and 
atomic 
structure. 
Physical 
science 
5 5.4 Explain how 
mechanical systems can 
direct and modify force 
and motion. 
Force and 
motion 
  
5.1 Describe the 
characteristics and 
applications of the 
transmission and 
reflection of energy in 
the form of heat, light 
and sound. 
 Energy 
transformati
ons 
 
 
5.1 Describe the 
characteristics and 
applications of the 
transmission and 
reflection of energy in 
the form of heat, light 
and sound. 
  Electricity 
Light 
Biological 
Science 
5 5.1 Explain the 
biological basis of 
classification of 
organisms into major 
groups. 
Body 
systems and 
health 
  
5.1 Explain the 
biological basis of 
classification of 
organisms into major 
groups. 
 Ecology  
5.3 Relate the structure 
and organisation of 
different cells to their 
function. 
  Plant 
animal 
structure 
and 
function 
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Earth and 
Space 
5 5.1 Describe the 
formation, composition 
and cycling of rocks. 
Earth 
systems 
  
5.3 Describe how the 
positions of the planets, 
moon, sun and stars 
affect natural 
phenomena. 
 Green house  
5.3 Describe how the 
positions of the planets, 
moon, sun and stars 
affect natural 
phenomena. 
 
  Global 
Patterns 
 
  
 276
Appendix 13:  Sample Primary Students’ Logit Scores for the Three 
Constructs for Disposition Towards Mathematics 
 
 
Student  Enjoyment Aspiration Utility 
1 -0.08 -5 -2.11 
2 4 4 4 
3 4 -2.54 0.06 
4 4 2.04 2.06 
5 0.4 2.04 0.98 
6 2.39 5.8 3.55 
7 1.07 -2.54 2.06 
8 -0.08 -1.4 0.06 
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Appendix 14:  Item Estimates in Logits for Mathematics  
 
ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
1 SP S 0.79 
2 FK S 0.83 
3 SP S -0.22 
4 CU P&S -1.83 
5 RE S -0.65 
6.3 RE S -0.66 
6.4 RE S -0.2 
6.5 RE S 0.33 
7 SP S -0.02 
8 CU S 1.09 
9 CU S 0.96 
10 CU S 1.14 
11 CU S -0.06 
12.1 SP S 0.02 
12.2 SP S 0.37 
12.3 SP S 0.39 
12.4 SP S 0.46 
12.5 SP S 0.6 
13.1 SP S 0.25 
13.2 SP S 0.57 
13.3 SP S 0.73 
13.4 SP S 0.9 
13.5 SP S 1 
14 FK S -3.02 
 278
ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
15 FK S -1.85 
16 CU P&S 0.49 
17 CU S -1.16 
18 CU S -0.61 
19.1 RE S -0.25 
19.2 RE S 0.3 
19.3 RE S 0.48 
19.4 RE S 0.61 
19.5 RE S 0.64 
20 CU P&S -1.52 
21 SP S -0.41 
22 CU S 0.42 
23 SP S 0.42 
24 CU S -0.52 
25 RE P&S -1.09 
26 SP S -0.21 
27 SP S 0.83 
28 RE S 0.31 
29 SP S 1 
30 RE S 0.49 
31.1 RE S 0.28 
31.3 RE S 0.7 
31.4 RE S 0.93 
31.5 RE S 0.93 
32.1 RE S 0.56 
 279
ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
32.2 RE S 1.11 
32.3 RE S 1.37 
32.4 RE S 1.41 
32.5 RE S 1.72 
33.1 SP P -0.59 
33.2 SP P -0.17 
33.3 SP P -0.14 
33.4 SP P -0.14 
33.5 SP P -0.03 
34.1 SP P -0.5 
34.2 SP P 0.14 
34.3 SP P 0.21 
34.4 SP P 0.22 
34.5 SP P 0.23 
35.1 RE P -0.08 
35.2 RE P 0.27 
35.3 RE P 0.56 
35.4 RE P 0.98 
35.5 RE P 1.11 
36 NM P 2.01 
37.1 NM P&S -0.86 
37.2 NM P&S -0.82 
37.3 NM P&S -0.65 
38.3 NM P&S 0.52 
38.4 NM P&S 0.72 
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ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
38.5 NM P&S 0.95 
39 FK P 0.06 
40 FK P -1.88 
41 SP P 0.68 
42 R P 0.99 
43.1 SP P -2.03 
43.2 SP P -0.69 
43.3 SP P -0.54 
44.1 SP P -1.47 
44.2 SP P -1.36 
45.2 SP P -1.56 
45.3 SP P -1.06 
46 CU P -0.15 
47 SP P -0.28 
48 SP P 0.15 
49 SP P 0.78 
50 RE P 0.14 
51.1 SP P -0.97 
51.2 SP P -0.06 
51.3 SP P 0.02 
51.4 SP P -1 
52.1 RE P -0.2 
52.2 RE P -0.17 
52.3 RE P -0.14 
52.4 RE P -0.08 
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ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
52.5 RE P -0.03 
53.1 SP P -0.48 
53.2 SP P 0.02 
53.3 SP P 0.09 
53.4 SP P 0.18 
53.5 SP P 0.55 
54.2 RE P -1.03 
54.3 RE P 0.03 
54.4 RE P 0.62 
55 FK P -0.14 
56 SP P 0.4 
57 CU P 0.3 
58 SP P 1.29 
59 CU P 0 
60 SP P -2.91 
61 SP P -0.9 
62 RE P -1.43 
63.1 SP P -1 
63.2 SP P -1 
63.3 SP P -1 
64.1 SP P -1.03 
64.2 SP P -0.48 
64.3 SP P -0.48 
64.4 SP P -0.38 
64.5 SP P 4.53 
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ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
65.1 SP S -1.34 
65.2 SP S -0.5 
65.3 SP S -0.33 
65.4 SP S 0.03 
66.1 RE S -0.14 
66.2 RE S 0.68 
66.3 RE S 0.68 
66.4 RE S 0.71 
67.1 RE S 0.31 
67.2 RE S 0.73 
67.3 RE S 0.78 
67.4 RE S 0.85 
67.5 RE S 2.75 
68.1 RE S 0.89 
68.2 RE S 0.9 
68.3 RE S 0.99 
68.4 RE S 1.1 
69 NM S 1.11 
70.1 SP P&S 0.5 
70.2 SP P&S 0.5 
71.1 RE P&S 0 
71.2 RE P&S 5.19 
72.2 SP P&S -2.1 
73.1 SP P&S -0.78 
73.2 SP P&S -0.47 
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ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
74 SP P&S -2.38 
75 RE P&S 0.51 
76.1 SP P&S -1.14 
76.2 SP P&S -1.14 
76.3 SP P&S -0.99 
77.1 RE P&S -1.81 
77.2 RE P&S 1.6 
78.1 RE P&S -0.56 
78.2 RE P&S -0.33 
79.1 RE P&S -0.5 
79.2 RE P&S -0.18 
80.1 RE P&S -1 
80.2 RE P&S 1.46 
81.1 RE P&S -0.11 
81.2 RE P&S 0.08 
81.3 RE P&S 0.71 
82.1 IN P&S 0.56 
82.2 IN P&S 1.7 
82.3 IN P&S 4.21 
83.1 IN P&S -0.08 
83.2 IN P&S -0.05 
84.1 IN P&S -0.22 
84.2 IN P&S -0.17 
85.1 IN P&S -0.07 
85.2 IN P&S -0.07 
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ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
86.1 RE P&S 0.11 
86.2 RE P&S 0.63 
86.3 RE P&S 1.24 
87.1 SP P&S -1.06 
87.2 SP P&S -0.87 
88.1 SP P&S -0.19 
88.2 SP P&S -0.01 
89.1 SP P&S -1.16 
89.2 SP P&S -0.08 
90.1 SP P&S -0.59 
90.2 SP P&S -0.16 
91.1 IN P&S -0.06 
91.2 IN P&S 0.19 
91.3 IN P&S 0.67 
91.4 IN P&S 0.81 
91.5 IN P&S 0.85 
92.1 IN P&S 1.56 
92.2 IN P&S 3.3 
93.1 IN P&S -0.63 
93.2 IN P&S 0.42 
94.1 CU P&S -0.81 
94.2 CU P&S 0.87 
95.1 IN P&S 0.09 
95.2 IN P&S 1.24 
96.1 SP P&S -0.13 
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ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
96.2 SP P&S -0.01 
97.1 RE P&S 0.75 
97.2 RE P&S 3.07 
98.1 IN P&S 0.81 
98.2 IN P&S 1.71 
99.1 RE P&S 0.13 
99.2 RE P&S 1.14 
100.1 IN P&S 0.67 
100.2 IN P&S 1.56 
101.1 IN P&S 1.16 
101.2 IN P&S 3.03 
102 SP P&S -2.38 
103.1 IN P&S -1.2 
103.2 IN P&S -1.08 
104.1 SP P&S -0.58 
104.2 SP P&S -0.44 
105.1 IN P&S -1.69 
105.2 IN P&S 1.19 
106 SP P&S -1.08 
107.1 IN P&S -1.31 
107.2 IN P&S 2.43 
108.1 SP P&S 0 
108.2 SP P&S 0.13 
109.1 IN P&S -0.19 
109.2 IN P&S 0.52 
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Appendix 15:  Item Estimates in Logits for Science  
 
ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
1 CU P -0.39 
2 CU S -0.15 
3 RE P 0.08 
4 CU S 1.17 
5 CU P 1.77 
6 CU P 2.3 
7 SP P -1.39 
8 CU P -0.08 
9 CU P 1.74 
10 CU S 0.25 
11 RE P&S -0.03 
12.1 CU S -0.69 
12.2 CU S 0.6 
13 CU P 1.34 
14 CU S 1.52 
15 CU S 3.69 
16 CU S 2.06 
17 SP S 0.04 
18 CU P 0.43 
19 CU P -0.19 
20 CU P -2.22 
21 CU P 2.06 
22 CU P -1.55 
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ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
23 CU P 1.62 
24 IN P&S -1.36 
25 CU P 1.13 
26.1 CU S -0.91 
26.2 CU S 0.19 
26.3 CU S 2.51 
27 CU P -3.23 
28 IN P -1.46 
29 IN P -1.5 
30 CU S 0.96 
31 CU S 0.78 
32 CU P -1.45 
33 CU P -0.17 
34 CU P -2.43 
35 CU P 0.2 
36 RE P 0.1 
37 CU P -0.11 
38 CU P -0.5 
39 RE S 0.35 
40 CU P -1.63 
41.1 FK P -2.56 
41.2 FK P -1.22 
41.3 FK P -0.14 
41.4 FK P 2.53 
42 RE S 0.47 
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ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
43 CU S 0.06 
44 CU P 1.62 
45 CU P&S 0.12 
46 FK S -0.64 
47.1 RE P -1.22 
47.2 RE P -1.02 
48 CU P -0.37 
49 CU S 1.65 
50 CU S 2.93 
51 IN P&S -1.32 
52 CU P 0.36 
53 CU S 1.13 
54 CU P -0.78 
55 IN P -0.35 
56 CU S 0.33 
57 FK P 0.69 
58 NS P&S -0.11 
59 CU S -0.31 
60 NS P&S -0.23 
61 CU S 0.25 
62.2 CU S -1.48 
63 CU S 0.33 
64 FK P 2.25 
65 FK S 0.82 
66 CU S 0.96 
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ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
67 R S 1.26 
68.1 CU S -1.25 
68.2 CU S -1.25 
69 IN S -0.31 
70 CU S 0.19 
71 CU S -0.11 
72.1 CU P -0.64 
72.2 CU P -0.37 
73 CU P 3.19 
74 CU P 0.83 
75 CU P 0.54 
76.1 CU P 1.25 
76.2 CU P 3.04 
77 FK P 3.76 
78.1 CU P 0.28 
78.2 CU P 1.13 
79 CU P -1.69 
80 CU P&S 0.06 
81.1 CU P&S -1.06 
81.2 CU P&S 0.37 
81.3 CU P&S 0.85 
82 IN S -0.02 
83 NS S -1.27 
84 CU S -0.85 
85.1 CU P -2.47 
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ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
85.2 CU P 0.48 
85.3 CU P 1.39 
86 NS P&S 0.52 
87 CU P&S -0.85 
88 CU P 1.49 
89.1 CU S 0.47 
89.2 CU S 1.23 
90.1 CU S 1.64 
90.2 CU S 1.79 
91.1 SP P&S -2.66 
91.2 SP P&S -1.99 
91.3 SP P&S -1.78 
92.1 SP P&S -1.66 
92.2 SP P&S -1.05 
93.1 CU P&S -0.03 
93.2 CU P&S 2.16 
94 SP P&S -3.39 
95 IN P&S -2.64 
96.1 IN P&S -3.06 
96.2 IN P&S -0.6 
97.1 IN P&S -1.06 
97.2 IN P&S 1.13 
98 CU P&S -2.23 
99.1 RE P&S -0.06 
99.2 RE P&S 1.86 
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ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
100.2 SP P&S -3.91 
100.3 SP P&S -0.86 
101.1 SP P&S -1.13 
101.2 SP P&S -0.43 
101.3 SP P&S 1.05 
102.1 SP P&S -0.33 
102.2 SP P&S -0.28 
103.1 SP P&S -1.38 
103.2 SP P&S -0.97 
104.1 RE P&S -1.34 
104.2 RE P&S 4.2 
105.1 RE P&S -2.16 
105.2 RE P&S 3.6 
106.1 IN P&S -1.06 
106.2 IN P&S 2.62 
107.1 SP P&S -1.09 
107.2 SP P&S -0.79 
107.3 SP P&S 0 
108.1 IN P&S -2.31 
108.2 IN P&S -1.12 
109.1 IN P&S -2.64 
109.2 IN P&S -2.02 
109.3 IN P&S -1.33 
109.4 IN P&S 0.27 
110.1 RE P&S -2.28 
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ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
110.2 RE P&S -1.32 
111 RE P&S 0.26 
112 CU P&S 1.47 
113 RE P&S 1.01 
114.1 SP P&S -1.34 
114.2 SP P&S -1 
115.1 RE P&S -0.22 
115.2 RE P&S 2.06 
116.1 IN P&S 0.03 
116.2 IN P&S 1.49 
117.1 RE P&S -1.06 
117.2 RE P&S 0.99 
118.1 IN P&S -0.13 
118.2 IN P&S 0.72 
119.1 IN P&S 0.59 
119.2 IN P&S 2.1 
120 SP P&S -3.2 
121.1 IN P&S -1.94 
121.2 IN P&S -1.84 
122.1 SP P&S -1.25 
122.2 SP P&S -1.11 
123.1 IN P&S -3.06 
123.2 IN P&S 0.52 
124.1 SP P&S -2.16 
124.2 SP P&S 4.35 
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ITEM 
NUMBER 
CAPABILITY YEAR LEVEL ESTIMATE 
(LOGITS) 
125.1 IN P&S -2.31 
125.2 IN P&S 1.76 
126.1 SP P&S -0.8 
126.2 SP P&S -0.64 
127.1 IN P&S -0.98 
127.2 IN P&S -0.28 
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Appendix 16:  Number of Link Items Between Tests and Between 
Primary and Secondary 
 
 
Capability No. of items in Primary 
No. of items in 
Secondary 
No. of link 
items 
(P & S) 
WRITTEN MATHEMATICS 
FK 3 3 0 
CU 3 8 3 
SP 17 11 0 
IN 0 0 0 
RE 6 10 1 
NM 1 1 2 
WRITTEN SCIENCE 
FK 4 2 0 
CU 34 26 4 
SP 1 1 0 
IN 3 2 2 
RE 3 3 1 
NS 0 1 3 
PERFORMANCE MATHEMATICS 
FK   0 
CU   1 
SP   14 
IN   15 
RE   10 
NM   0 
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Capability No. of items in Primary 
No. of items in 
Secondary 
No. of link 
items 
(P & S) 
PERFORMANCE SCIENCE 
FK   0 
CU   3 
SP   13 
IN   13 
RE   8 
NS    
PERFORMANCE MATHEMATICS & SCIENCE 
FK   0 
CU   0 
SP   5 
IN   7 
RE   2 
NS   0 
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Appendix 17:  Statistics for Mathematics and Science Survey Items 
 
ALL on ALL                                                                       
-------------------------------------------------------------------------------- 
Item Estimates (Thresholds) In input Order                       29/ 3/12 13:26  
all on all (N = 796 L = 18 Probability Level= .50)                               
-------------------------------------------------------------------------------- 
    ITEM NAME      |SCORE MAXSCR|  THRESHOLD/S                   |  INFT  OUTFT  
                   |            |    1       2       3       4   |  MNSQ  MNSQ   
-------------------------------------------------------------------------------- 
1   A10M4          |  1075 2013 |           -.94     .35    2.86 |    .87   .87 
                   |            |             .19     .16     .17| 
                   |            |                                | 
2   A22M4          |   992 1986 |           -.56     .62    2.67 |   1.16  1.20 
                   |            |             .16     .15     .19| 
                   |            |                                | 
3   A34M4          |  1092 1992 |           -.81     .34    2.46 |   1.00   .97 
                   |            |             .19     .16     .18| 
                   |            |                                | 
4   A11M4          |  1229 1992 |          -1.38    -.04    2.03 |   1.03  1.02 
                   |            |             .19     .18     .16| 
                   |            |                                | 
5   A23M4          |  1622 2004 |          -2.02   -1.45     .54 |    .96   .86 
                   |            |             .30     .26     .17| 
                   |            |                                | 
6   A35M4          |  1476 2001 |          -1.75    -.95    1.22 |   1.14  1.16 
                   |            |             .25     .21     .16| 
                   |            |                                | 
7   A12M4          |  1563 2013 |          -2.09   -1.07     .81 |   1.05   .96 
                   |            |             .28     .21     .14| 
                   |            |                                | 
8   A24M4          |  1543 2004 |          -2.00   -1.14     .89 |   1.09  1.10 
                   |            |             .28     .24     .15| 
                   |            |                                | 
9   A36M4          |  1366 1986 |          -1.88    -.51    1.55 |   1.15  1.18 
                   |            |             .25     .20     .15| 
                   |            |                                | 
10  A10S4          |  1272 2133 |          -1.44    -.04    2.47 |    .95   .95 
                   |            |             .22     .19     .16| 
                   |            |                                | 
11  A22S4          |  1189 2112 |          -1.00     .23    2.54 |    .92   .91 
                   |            |             .19     .16     .17| 
                   |            |                                | 
              
     
 
          
------------- 
  INFT  OUTFT 
   t     t    
------------- 
   -2.5   -.7 
  
  
    3.0   1.0 
  
  
     .0   -.1 
  
  
     .6    .2 
  
  
    -.6   -.9 
  
  
    2.2   1.1 
  
  
     .8   -.3 
  
  
    1.4    .8 
  
  
    2.5   1.4 
  
  
    -.9   -.3 
  
  
   -1.5   -.5 
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12  A34S4          |  1268 2139 |          -1.25     .09    2.22 |    .84   .80 
                   |            |             .19     .16     .18| 
                   |            |                                | 
13  A11S4          |  1334 2151 |          -1.81    -.05    2.18 |   1.00   .98 
                   |            |             .22     .18     .16| 
                   |            |                                | 
14  A23S4          |  1662 2151 |          -2.38   -1.46    1.09 |    .91   .85 
                   |            |             .31     .27     .16| 
                   |            |                                | 
15  A35S4          |  1537 2115 |          -2.16   -1.05    1.53 |    .87   .88 
                   |            |             .28     .21     .15| 
                   |            |                                | 
16  A12S4          |  1365 2139 |          -1.72    -.35    2.19 |   1.05  1.06 
                   |            |             .22     .19     .16| 
                   |            |                                | 
17  A24S4          |  1355 2124 |          -1.88    -.37    2.25 |   1.00  1.00 
                   |            |             .25     .17     .18| 
                   |            |                                | 
18  A36S4          |  1126 2124 |          -1.44     .52    3.03 |   1.10  1.10 
                   |            |             .19     .18     .18| 
                   |            |                                | 
-------------------------------------------------------------------------------- 
Mean               |            |    .00                         |   1.01   .99 
SD                 |            |    .62                         |    .10   .12 
================================================================================ 
 
              
 
   -3.2  -1.0 
  
  
     .0   -.1 
  
  
   -1.6  -1.1 
  
  
   -2.2   -.8 
  
  
     .9    .4 
  
  
     .0    .1 
  
  
    1.9    .6 
  
  
------------- 
     .0    .0 
    1.8    .8 
=========================== 
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Appendix 18:  Statistics for Mathematics Written and Performance Items 
 
QUEST: The Interactive Test Analysis System                                
 
------------------------------------------------------------------------- 
 
Item Estimates (Thresholds) In input Order                30/ 8/13 10:12  
 
all on all (N = 846 L =109 Probability Level= .50)                         
 
------------------------------------------------------------------------- 
    ITEM NAME      |SCORE MAXSCR|  THRESHOLD/S                             
 
                   |            |    1       2       3       4       5     
 
------------------------------------------------------------------------- 
  
 
----------------------------------------- 
 
                                          
 
                                          
 
----------------------------------------- 
  
 
               | INFT  OUTFT INFT  OUTFT 
 6       7     |  MNSQ  MNSQ   t     t    
---------------------------------------- 
 
1   item 1         |    32   71 |    .79 
 
                   |            |     .24 
 
                   |            | 
 
2   item 2         |    31   71 |    .83 
 
                   |            |     .24 
 
 
3   item 3         |    50   73 |   -.22 
 
                   |            |     .26 
 
4   item 4         |   274  305 |  -1.83 
               |    .95   .95  -1.0   .4 
 
               | 
 
               | 
 
               |    .92   .91  -1.5   .6 
 
               | 
 
 
               |    .97   .96   -.3   -.2 
 
 
 
               |    .97   .82   -.2  -1.0 
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                   |            |     .19 
 
5   item 5         |    56   73 |   -.65 
 
                   |            |     .28 
 
                   |            | 
 
6   item 6         |   154  201 |                   -.66    -.20     .33 
 
                   |            |                     .53     .49     .44 
 
                   |            | 
 
7   item 7         |   157  245 |   -.02 
 
                   |            |     .14 
 
                   |            | 
 
8   item 8         |    93  244 |   1.09 
 
                   |            |     .13 
 
                   |            | 
 
9   item 9         |   100  242 |    .96 
 
                   |            |     .13 
 
                   |            | 
 
10  item 10        |    90  243 |   1.14 
 
                   |            |     .14 
 
 
 
                |   1.00   .97    .1   .1 
 
                | 
 
                | 
 
                |   .99   .91    .0   -.3 
 
                | 
 
 
 
                |   .95   .95  -1.0   -.7 
 
                | 
 
 
 
                |   .94   .94  -1.6   -.8 
 
                | 
 
                | 
 
                |   .92   .91  -2.6  -1.2 
 
                | 
 
                | 
 
                |  1.03  1.07    .8    .8 
 
                | 
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                   |            | 
 
11  item 11        |   157  241 |   -.06 
 
                   |            |     .14 
 
                   |            | 
 
12  item 12        |   815 1305 |    .02     .37     .39     .46     .60 
 
                   |            |     .20     .19     .19     .19     .19 
 
                   |            | 
 
13  item 13        |   569 1300 |    .25     .57     .73     .90    1.00 
 
                   |            |     .19     .18     .19     .19     .18 
 
                   |            | 
 
14  item 14        |   168  173 |  -3.02 
 
                   |            |     .45 
 
                   |            | 
 
15  item 15        |   158  173 |  -1.85 
 
                   |            |     .27 
 
                   |            | 
 
16  item 16        |   335  670 |    .49 
 
                   |            |     .08 
 
                | 
 
                |   .95   .94  -1.0   -.7 
 
                | 
 
                | 
 
                |  1.15  1.13   1.8    .9 
 
                | 
 
                | 
 
                |  1.05  1.00    .7    .0 
 
                | 
 
                | 
 
                |  1.00  1.02    .1    .2 
 
                | 
 
                | 
 
                |  1.02  1.11    .2    .5 
 
                | 
 
                | 
 
                |  1.00  1.00   -.1    .0 
 
                | 
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17  item 17        |   145  172 |  -1.16 
 
                   |            |     .21 
 
18  item 18        |   129  170 |   -.61 
 
                   |            |     .18 
 
 
19  item 19        |   533  865 |   -.25     .30     .48     .61     .64 
 
                   |            |     .27     .23     .24     .24     .24 
 
                   |            | 
 
20  item 20        |   266  304 |  -1.52 
 
                   |            |     .18 
 
                   |            | 
 
21  item 21        |     9   13 |   -.41 
 
                   |            |     .61 
 
                   |            | 
 
22  item 22        |     7   14 |    .42 
 
                   |            |     .54 
 
                   |            | 
 
23  item 23        |     7   14 |    .42 
 
 
                |  1.03  1.07    .3    .4 
 
 
 
                |   .94   .90   -.6   -.7 
 
                | 
 
                |  1.09  1.09    .9    .6 
 
                | 
 
                | 
 
                |  .95   .82   -.4  -1.1 
 
                | 
 
                | 
 
                |  .95  1.02   -.1    .2 
 
                | 
 
                | 
 
                |   .96   .95   -.4   -.1 
 
                | 
 
                | 
 
                |  1.05  1.08    .6    .4 
 
                | 
 302 
 
                   |            |     .54 
 
24  item 24        |    10   14 |   -.52 
 
                   |            |     .60 
 
                   |            | 
 
25  item 25        |  1814 2685 |  -1.09   -1.00    -.27     .61     .98 
 
                   |            |     .27     .26     .17     .15     .15 
 
                   |            | 
 
26  item 26        |   171  250 |   -.21 
 
                   |            |     .14 
 
                   |            | 
 
27  item 27        |   108  244 |    .83 
 
                   |            |     .13 
 
                   |            | 
 
28  item 28        |   141  249 |    .31 
 
                   |            |     .13 
 
                   |            | 
 
29  item 29        |    97  242 |   1.00 
 
                   |            |     .13 
 
 
 
                | .95   .93   -.1    .0 
 
                | 
 
                | 
 
                |  .94   .93  -1.0  -1.0 
 
                | 
 
                | 
 
                |  .92   .90  -1.5  -1.2 
 
                | 
 
                | 
 
                | 1.02  1.01    .6    .1 
 
                | 
 
                | 
 
                |  .94   .94  -1.8   -.8 
 
                | 
 
                | 
 
                | 1.00  1.00    .0    .0 
 
                | 
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                   |            | 
 
30  item 30        |   129  248 |    .49 
 
                   |            |     .13 
 
                   |            | 
 
31  item 31        |   550 1305 |    .28     .69     .70     .93     .93 
 
                   |            |     .17     .16     .16     .14     .14 
 
                   |            | 
 
32  item 32        |   267 1305 |    .56    1.11    1.37    1.41    1.72 
 
                   |            |     .22     .24     .26     .27     .30 
 
                   |            | 
 
33  item 33        |  1688 2010 |   -.59    -.17    -.14    -.14    -.03 
 
                   |            |     .19     .16     .16     .16     .16 
 
                   |            | 
 
34  item 34        |  1786 2625 |   -.50     .14     .21     .22     .23 
 
                   |            |     .16     .14     .14     .14     .14 
 
                   |            | 
 
35  item 35        |  1123 2615 |   -.08     .27     .56     .98    1.11 
 
                   |            |     .14     .13     .13     .15     .15 
 
                | 
 
                |  .94   .94  -2.1   -.8 
 
                | 
 
                | 
 
                | 1.12  1.11   1.6    .9 
 
                | 
 
                | 
 
                | 1.06  1.05    .6    .4 
 
                | 
 
                | 
 
                | 1.07  1.20    .7    .9 
 
                | 
 
                | 
 
                | 1.05  1.34    .9   1.6 
 
                | 
 
                | 
 
                | 1.22  1.27   3.7   3.2 
 
                | 
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                   |            | 
 
36  item 36        |    88  471 |   2.01 
 
                   |            |     .12 
 
                   |            | 
 
 
37  item 37        |  1859 1992 |   -.86    -.82    -.65 
 
                   |            |     .25     .24     .24 
 
                   |            | 
 
38  item 38        |   759 1905 |                    .52     .72     .95 
 
                   |            |                     .13     .12     .13 
 
                   |            | 
 
39  item 39        |   116  199 |    .06 
 
                   |            |     .15 
 
                   |            | 
 
40  item 40        |   210  234 |  -1.88 
 
                   |            |     .22 
 
                   |            | 
 
41  item 41        |    99  233 |    .68 
 
                   |            |     .14 
                | 
 
                | 1.05  1.14    .8   1.4 
 
                | 
 
                | 
 
 
                |  .97  1.14   -.2    .7 
 
                | 
 
                | 
 
                | 1.45  1.72   9.6   8.5 
 
                | 
 
                | 
 
                | 1.00   .98    .0   -.2 
 
                | 
 
                | 
 
                |  .95   .96   -.2   -.1 
 
                | 
 
                | 
 
                | 1.00  1.05    .0    .6 
 
                | 
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                   |            | 
 
42  item 42        |    82  232 |    .99 
 
                   |            |     .14 
 
                   |            | 
 
43  item 43        |   617  693 |  -2.03    -.69    -.54 
 
                   |            |     .56     .33     .31 
 
                   |            | 
 
44  item 44        |   443  466 |  -1.47   -1.36 
 
                   |            |     .48     .50 
 
                   |            | 
 
45  item 45        |   424  462 |          -1.56   -1.06 
 
                   |            |             .44     .40 
 
                   |            | 
 
46  item 46        |   320  499 |   -.15 
 
                   |            |     .10 
 
                   |            | 
 
47  item 47        |   337  502 |   -.28 
 
                   |            |     .10 
 
                | 
 
                |  .94   .94  -1.4   -.6 
 
                | 
 
                | 
 
                | 1.07   .97    .5   -.1 
 
                | 
 
                | 
 
                |  .92   .71   -.2   -.7 
 
                | 
 
                | 
 
                |  .93   .71   -.3  -1.2 
 
                | 
 
                | 
 
                |  .94   .93  -2.1  -1.3 
 
                | 
 
                | 
 
                |  .94   .90  -1.6  -1.7 
 
                | 
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                   |            | 
 
48  item 48        |   289  505 |    .15 
 
                   |            |     .09 
 
                   |            | 
 
49  item 49        |   210  495 |    .78 
 
                   |            |     .09 
 
                   |            | 
 
50  item 50        |   284  492 |    .14 
 
                   |            |     .09 
 
                   |            | 
 
51  item 51        |  1575 2064 |   -.97    -.06     .02     .10 
 
                   |            |     .19     .15     .15     .15 
 
                   |            | 
 
52  item 52        |  2107 2585 |   -.20    -.17    -.14    -.08    -.03 
 
                   |            |     .16     .17     .17     .17     .16 
 
                   |            | 
 
53  item 53        |  1728 2580 |   -.48     .02     .09     .18     .55 
 
                   |            |     .16     .14     .15     .14     .14 
 
                | 
 
                |  .92   .89  -3.9  -2.2 
 
                | 
 
                | 
 
                |  .93   .93  -3.0  -1.4 
 
                | 
 
                | 
 
                |  .96   .96  -1.7   -.7 
 
                | 
 
                | 
 
                | 1.12  1.09   2.1    .7 
 
                | 
 
                | 
 
                |.97  1.24   -.4   1.1 
 
                | 
 
                | 
 
                |  .97   .98   -.5   -.1 
 
                | 
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                   |            | 
 
54  item 54        |   909 1332 |          -1.03     .03     .62 
 
                   |            |             .19     .17     .15 
 
                   |            | 
 
                                                   
 
55  item 55        |   308  481 |   -.14 
 
                   |            |     .10 
 
                   |            | 
 
56  item 56        |   255  498 |    .40 
 
                   |            |     .09 
 
                   |            | 
 
57  item 57        |   265  495 |    .30 
 
                   |            |     .09 
 
                   |            | 
 
58  item 58        |   152  488 |   1.29 
 
                   |            |     .10 
 
                   |            | 
 
59  item 59        |   241  400 |    .00 
 
                | 
 
                |  .98   .99   -.4   -.2 
 
                | 
 
                | 
 
 
                                          
                |  .99   .99   -.3   -.2 
 
                | 
 
                | 
 
                |  .90   .88  -5.6  -2.4 
 
                | 
 
                | 
 
                |  .92   .91  -3.9  -1.8 
 
                | 
 
                | 
 
                |  .94   .93  -1.4  -1.0 
 
                | 
 
                | 
 
                |  .99   .97   -.5   -.5 
 308 
 
 
                   |            |     .10 
 
                   |            | 
 
60  item 60        |   279  289 |  -2.91 
 
                   |            |     .32 
 
                   |            | 
 
61  item 61        |   229  289 |   -.90 
 
                   |            |     .15 
 
                   |            | 
 
62  item 62        |   250  289 |  -1.43 
 
                   |            |     .17 
 
                   |            | 
 
63  item 63        |   843  864 |  -1.00   -1.00   -1.00 
 
                   |            |     .13     .13     .13 
 
                   |            | 
 
64  item 64        |  1058 1440 |  -1.03    -.48    -.48    -.38    4.53 
 
                   |            |     .33     .23     .23     .24     .54 
 
                   |            | 
 
65  item 65        |   900 1044 |  -1.34    -.50    -.33     .03 
 
                | 
 
                | 
 
                |  .98   .71    .0   -.8 
 
                | 
 
                | 
 
                |  .94   .86   -.7  -1.2 
 
                | 
 
                | 
 
                |  .97   .88   -.2   -.8 
 
                | 
 
                | 
 
                |   1.06   .54    .3  .0 
 
                | 
 
                | 
 
                | 1.12  1.34    .8   1.3 
 
                | 
 
                | 
 
                |  .90   .89   -.7   -.6 
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                   |            |     .44     .31     .30     .28 
 
                   |            | 
 
66  item 66        |   546 1044 |   -.14     .68     .68     .71 
 
                   |            |     .17     .15     .15     .15 
 
67  item 67        |   474 1295 |    .31     .73     .78     .85    2.75 
 
                   |            |     .19     .19     .20     .20     .34 
 
 
68  item 68        |   288 1040 |    .89     .90     .99    1.10 
 
                   |            |     .20     .21     .21     .20 
 
                   |            | 
 
69  item 69        |    95  253 |   1.11 
 
                   |            |     .13 
 
                   |            | 
 
70  item 70        |     2    4 |    .50     .50 
 
                   |            |     .77     .77 
 
                   |            | 
 
71  item 71        |    59  176 |    .00    5.19 
 
                   |            |     .44    1.25 
 
 
                | 
 
                | 
 
                |  .98   .96   -.2   -.3 
 
                | 
 
                |  .93   .87  -1.1  -1.1 
 
                | 
 
 
                | 1.34  1.89   3.9   3.4 
 
                | 
 
                | 
 
                | 1.02  1.03    .4    .4 
 
                | 
 
                | 
 
                | 2.25  2.25   1.8   1.3 
 
                | 
 
                | 
 
                |  .94   .89   -.6   -.7 
 
                | 
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                   |            | 
 
72  item 72        |    81   87 |          -2.01 
 
                   |            |             .43 
 
                   
 
73  item 73        |   146  166 |   -.78    -.47 
 
                   |            |     .56     .54 
 
                   |            | 
 
74  item 74        |    79   83 |  -2.38 
 
                   |            |     .51 
 
                   |            | 
 
75  item 75        |    45   83 |    .51 
 
                   |            |     .23 
 
                   |            | 
 
76  item 76        |   222  228 |  -1.14   -1.14    -.99 
 
                   |            |     .83     .83     .82 
 
                   |            | 
 
77  item 77        |    93  152 |  -1.81    1.60 
 
                   |            |     .69     .48 
 
                | 
 
                |  .98   .87    .1   -.1 
 
                | 
 
                | 
 
                |  .98   .79    .0   -.3 
 
                | 
 
                | 
 
                |  1.00   .88    .2    .0 
 
                | 
 
                | 
 
                |  .89   .87  -2.1   -.9 
 
                | 
 
                | 
 
                |  .79   .48   -.1   -.3 
 
                | 
 
                | 
 
                |  .85   .84  -1.0   -.8 
 
                | 
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                   |            | 
 
78  item 78        |   129  152 |   -.56    -.33 
 
                   |            |     .53     .52 
 
                   |            | 
 
79  item 79        |   123  150 |   -.50    -.18 
 
                   |            |     .50     .50 
 
                   |            | 
 
80  item 80        |    88  150 |  -1.00    1.46 
 
                   |            |     .53     .45 
 
                   |            | 
 
81  item 81        |   150  222 |   -.11     .08     .71 
 
                   |            |     .42     .41     .39 
 
                   |            | 
 
82  item 82        |    55  219 |    .56    1.70    4.21 
 
                   |            |     .44     .48    1.20 
 
                   |            | 
 
83  item 83        |   101  140 |   -.08    -.05 
 
                   |            |     .42     .44 
 
                | 
 
                |  .88   .65   -.5   -.8 
 
                | 
 
                | 
 
                |  .86   .70   -.7   -.8 
 
                | 
 
                | 
 
                |  .88   .87   -.8   -.7 
 
                | 
 
                | 
 
                | 1.03  1.03    .2    .2 
 
                | 
 
                | 
 
                |  .98   .97   -.1   -.1 
 
                | 
 
                | 
 
                |  .91   .79   -.6   -.8 
 
                | 
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                   |            | 
 
84  item 84        |   107  140 |   -.22    -.17 
 
                   |            |     .45     .45 
 
                   |            | 
 
85  item 85        |   102  140 |   -.07    -.07 
 
                   |            |     .14     .14 
 
86  item 86        |    93  210 |    .11     .63    1.24 
 
                   |            |     .39     .39     .42 
 
87  item 87        |    82   90 |  -1.06    -.87 
 
                   |            |     .84     .84 
 
                   |            | 
 
88  item 88        |    65   90 |   -.19    -.01 
 
                   |            |     .53     .53 
 
                   |            | 
 
89  item 89        |    71   90 |  -1.16    -.08 
 
                   |            |     .72     .63 
 
                   |            | 
 
90  item 90        |    70   90 |   -.59    -.16 
 
                | 
 
                | 1.03   .95    .3   -.1 
 
                | 
 
                | 
 
                |  .85   .75  -1.2   -.9 
 
                | 
 
                |  .93   .90   -.5   -.5 
 
                | 
 
                | 1.14  1.42    .5    .8 
 
                | 
 
                | 
 
                |  .91   .82   -.5   -.5 
 
                | 
 
                | 
 
                | 1.02  1.01    .1    .1 
 
                | 
 
                | 
 
                | 1.09  1.07    .5    .3 
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                   |            |     .61     .61 
 
                   |            | 
 
91  item 91        |   125  315 |   -.06     .19     .67     .81     .85 
 
                   |            |     .47     .48     .49     .50     .51 
 
                   |            | 
 
92  item 92        |    12   88 |   1.56    3.30 
 
                   |            |     .75    1.26 
 
                   |            | 
 
93  item 93        |    77  116 |   -.63     .42 
 
                   |            |     .53     .50 
 
                   |            | 
 
94  item 94        |    68  112 |   -.81     .87 
 
                   |            |     .56     .52 
 
                   |            | 
 
95  item 95        |    51  112 |    .09    1.24 
 
                   |            |     .47     .49 
 
                   |            | 
 
96  item 96        |    70   96 |   -.13    -.01 
 
                | 
 
 
 
   1.23    1.32 | 1.68  1.68   2.8   2.1 
 
     .55     .57| 
 
                | 
 
                |  .82   .71   -.6   -.8 
 
                | 
 
                | 
 
                |  1.01  1.02    .1    .1 
 
                | 
 
                | 
 
                |  .96   .96   -.2   -.1 
 
                | 
 
                | 
 
                |  .88   .87   -.9   -.7 
 
                | 
 
                | 
 
                |  1.19  1.45   1.2   1.4 
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                   |            |     .53     .52 
 
                   |            | 
 
97  item 97        |    23   94 |    .75    3.07 
 
                   |            |     .59     .98 
 
                   |            | 
 
98  item 98        |    25   86 |    .81    1.71 
 
                   |            |     .56     .60 
 
99  item 99        |    34   74 |    .13    1.14 
 
                   |            |     .59     .60 
 
100 item 100       |    17   54 |    .67    1.56 
 
                   |            |     .70     .75 
 
                   |            | 
 
101 item 101       |    10   54 |   1.16    3.03 
 
                   |            |     .84    1.32 
 
                   |            | 
 
102 item 102       |    88   93 |  -2.38 
 
                   |            |     .46 
 
                   |            | 
 
                | 
 
                | 
 
                |.95   .94   -.2   -.2 
 
                | 
 
                | 
 
                |   .84   .80   -.8   -.7 
 
                | 
 
                |  1.01  1.02    .1    .2 
 
                | 
 
                |  .66   .61  -1.7  -1.3 
 
                | 
 
                | 
 
                |  .89   .93   -.3   -.1 
 
                | 
 
                | 
 
                | 1.01  1.08    .2    .3 
 
                | 
 
                | 
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103 item 103       |   176  186 |  -1.20   -1.08 
 
                   |            |     .72     .71 
 
                   |            | 
 
104 item 104       |   158  186 |   -.58    -.44 
 
                   |            |     .45     .48 
 
                   |            | 
 
105 item 105       |   116  184 |  -1.69    1.19 
 
                   |            |     .56     .43 
 
                   |            | 
 
106 item 106       |    77   93 |  -1.08 
 
                   |            |     .28 
 
                   |            | 
 
107 item 107       |    92  184 |  -1.31    2.43 
 
                   |            |     .53     .52 
 
                   |            | 
 
108 item 108       |   127  186 |    .00     .13 
 
                   |            |     .36     .37 
 
 
109 item 109       |   114  184 |   -.19     .52 
                | 1.05  1.69    .2   1.0 
 
                | 
 
                | 
 
                | 1.00  1.01    .0    .2 
 
                | 
 
                | 
 
                |  .93   .92   -.5   -.4 
 
                | 
 
                | 
 
                |  .93   .81   -.3   -.7 
 
                | 
 
                | 
 
                |  .95   .94   -.3   -.2 
 
                | 
 
                | 
 
                |  1.09  1.08    .9    .4 
 
                | 
 
 
                | 1.05  1.06    .6    .4 
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                   |            |     .38     .37 
 
                   |            | 
 
------------------------------------------------------------------------- 
 
Mean               |            |    .01 
 
SD                 |            |   1.05 
 
========================================================================= 
 
 
 
 
 
 
 
 
                | 
 
                | 
 
----------------------------------------- 
 
                |  1.00   .99   -.2   -.1 
 
                |  .17   .25   1.6   1.2 
 
========================================= 
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Appendix 19:  Statistics for Science Written and Performance Items 
 
QUEST: The Interactive Test Analysis System                                      
 
-------------------------------------------------------------------------------- 
 
Item Estimates (Thresholds) In input Order                       13/ 8/13 13:35  
 
all on all (N = 1115 L =127 Probability Level= .50)                              
 
-------------------------------------------------------------------------------- 
 
    ITEM NAME      |SCORE MAXSCR|  THRESHOLD/S                   |  INFT  OUTFT  
 
                   |            |    1       2       3       4   |  MNSQ  MNSQ   
 
-------------------------------------------------------------------------------- 
 
   
 
 
 
 
 
 
 
 
 
INFT  OUTFT 
 
   t     t    
 
------------- 
 
1   item 1         |   124  244 |   -.50                         |    .98   .96 
 
                   |            |     .13                        |  
 
2   item 2         |    95  194 |   -.30                         |    .96   .95 
 
                   |            |     .15                        | 
 
3   item 3         |    62  142 |   -.06                         |    .90   .88 
 
                   |            |     .18                        | 
 
-.6   -.4 
 
  
 
  -.9   -.5 
 
  
 
 -1.9  -1.1 
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4   item 4         |    42  193 |   1.03                         |    .95  1.09 
 
                   |            |     .18                        | 
 
                   |            |                                | 
 
5   item 5         |    30  246 |   1.64                         |   1.10  1.59 
 
                   |            |     .20                        | 
 
                   |            |                                | 
 
6   item 6         |    31  401 |   2.18                         |   1.08  1.58 
 
                   |            |     .19                        | 
 
                   |            |                                | 
 
7   item 7         |   520  717 |  -1.52                         |    .93   .87 
 
                   |            |     .09                        | 
 
                   |            |                                | 
 
8   item 8         |   177  395 |   -.21                         |    .96   .94 
 
                   |            |     .11                        | 
 
                   |                                        
 
9   item 9         |    31  249 |   1.60                         |   1.03  1.20 
    -.5    .6 
 
  
 
  
 
     .7   2.6 
 
  
 
  
 
     .6   2.5 
 
  
 
  
 
   -1.9  -2.0 
 
  
 
 
 
   -1.5   -.9 
 
  
 
 
 
     .3   1.0 
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                   |            |     .20                        | 
 
                   |            |                                | 
 
10  item 10        |    77  193 |    .10                         |    .97   .98 
 
                   |            |     .15                        | 
 
                   |            |                                | 
 
11  item 11        |   148  368 |   -.16                         |   1.10  1.15 
 
                   |            |     .11                        | 
 
                   |            |                                | 
 
12  item 12        |    92  202 |   -.84     .45                 |    .94   .91 
 
                   |            |     .38     .37                | 
 
                   |            |                                | 
 
13  item 13        |    23  164 |   1.21                         |   1.09  1.46 
 
                   |            |     .23                        | 
 
14  item 14        |    16  118 |   1.35                         |   1.07  1.20 
 
                   |            |     .27                        | 
 
 
  
 
  
 
    -.7   -.2 
 
  
 
  
 
    2.9   2.0 
 
  
 
  
 
    -.5   -.5 
 
  
 
  
 
     .6   1.8 
 
 
 
   .4    .8 
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15  item 15        |     1   56 |   3.50                         |   1.01   .86 
 
                   |            |    1.01                        | 
 
16  item 16        |    10  118 |   1.88                         |    .98  1.04 
 
                   |            |     .34                        | 
 
                   |            |                                | 
 
17  item 17        |     7   20 |   -.13                         |   1.10  1.12 
 
                   |            |     .49                        | 
 
                   |            |                                | 
 
18  item 18        |   135  405 |    .31                         |   1.06  1.07 
 
                   |            |     .11                        | 
 
19  item 19        |    72  145 |   -.32                         |   1.09  1.10 
 
                   |            |     .17                        | 
 
                   |            |                                | 
 
20  item 20        |   257  299 |  -2.36                         |    .90   .74 
 
                   |            |     .17                        | 
 
                   |            |                                | 
     .3    .3 
 
  
 
     .0    .2 
 
  
 
  
 
     .6    .5 
 
  
 
  
 
    1.5    .9 
 
  
 
    1.7   1.0 
 
  
 
  
 
    -.9  -1.7 
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21  item 21        |    16  146 |   1.93                         |   1.13  1.90 
 
                   |            |     .27                        | 
 
                   |            |                                | 
 
22  item 22        |   235  307 |  -1.69                         |    .97   .99 
 
                   |            |     .14                        | 
 
                   |            |                                | 
 
23  item 23        |    34  244 |   1.50                         |   1.12  2.06 
 
                   |            |     .19                        | 
 
                   |            |                                | 
 
24  item 24        |   795 1108 |  -1.50                         |   1.00  1.01 
 
                   |            |     .07                        | 
 
                   |            |                                | 
 
25  item 25        |    50  244 |   1.02                         |   1.02  1.00 
 
                   |            |     .16                        | 
 
                   |            |                                | 
 
 
     .7   2.6 
 
  
 
  
 
    -.4    .0 
 
  
 
  
 
    1.0   4.0 
 
  
 
  
 
     .1    .3 
 
  
 
  
 
     .3    .1 
 
  
 
  
 
 322 
 
26  item 26        |    53  168 |  -1.09     .01    2.29         |    .88   .87 
 
                   |            |     .47     .50    1.15        | 
 
                   |            |                                | 
 
27  item 27        |   138  146 |  -3.37                         |   1.07  1.26 
 
                   |            |     .37                        | 
 
                   |            |                                | 
 
28  item 28        |   536  729 |  -1.59                         |    .92   .87 
 
                   |            |     .09                        | 
 
                   |            |                                | 
 
29  item 29        |   541  730 |  -1.63                         |    .95   .91 
 
                   |            |     .09                        | 
 
                   |            |                                | 
 
30  item 30        |    25  109 |    .82                         |   1.00   .96 
 
                   |            |     .23                        | 
 
                   |            |                                | 
 
31  item 31        |    14   62 |    .59                         |   1.06  1.12 
    -.8   -.6 
 
  
 
  
 
     .3    .7 
 
  
 
  
 
   -1.9  -2.1 
 
  
 
  
 
   -1.2  -1.3 
 
  
 
  
 
     .0   -.1 
 
  
 
  
 
     .4    .6 
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                   |            |     .31                        | 
 
                   |            |                                | 
 
32  item 32        |   179  246 |  -1.57                         |    .94   .91 
 
                   |            |     .15                        | 
 
                   |            |                                | 
 
33  item 33        |   109  237 |   -.28                         |    .96   .93 
 
                   |            |     .14                        | 
 
34  item 34        |   272  308 |  -2.58                         |    .97   .91 
 
                   |            |     .18                        | 
 
35  item 35        |   137  354 |    .07                         |    .97   .97 
 
                   |            |     .11                        | 
 
                   |            |                                | 
 
36  item 36        |   122  293 |   -.04                         |    .94   .95 
 
                   |            |     .12                        | 
 
                   |            |                                | 
 
 
  
 
  
 
    -.8   -.8 
 
  
 
  
 
   -1.1   -.8 
 
  
 
    -.2   -.4 
 
  
  
    -.9   -.4 
 
  
 
  
 
   -1.7   -.7 
 
  
 
  
     
 324 
 
 
37  item 37        |    64  163 |   -.23                         |    .94   .91 
 
                   |            |     .17                        | 
 
                   |            |                                | 
 
38  item 38        |   138  266 |   -.63                         |   1.03  1.07 
 
                   |            |     .13                        | 
 
                   |            |                                | 
 
39  item 39        |    64  171 |    .21                         |    .95  1.02 
 
                   |            |     .17                        | 
 
                   |            |                                | 
 
40  item 40        |   114  157 |  -1.75                         |    .97   .97 
 
                   |            |     .19                        | 
 
                   |            |                                | 
 
41  item 41        |   867 1564 |  -2.69   -1.35    -.26    2.42 |    .92   .91 
 
                   |            |     .28     .21     .18     .34| 
 
                   |            |                                | 
 
 
   -1.2   -.7 
 
  
 
  
 
     .7    .9 
 
  
 
  
 
    -.8    .2 
 
  
 
  
 
    -.3   -.2 
 
  
 
  
 
   -1.2  -1.1 
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42  item 42        |    89  268 |    .31                         |   1.11  1.14 
 
                   |            |     .14                        | 
 
                   |            |                                | 
 
43  item 43        |    72  164 |   -.09                         |    .96   .94 
 
                   |            |     .17                        | 
 
                   |            |                                | 
 
44  item 44        |    18  164 |   1.50                         |   1.06  1.25 
 
                   |            |     .25                        | 
 
                   |            |                                | 
 
45  item 45        |   121  295 |   -.02                         |    .94   .93 
 
                   |            |     .12                        | 
 
                   |            |                                | 
 
46  item 46        |   241  444 |   -.78                         |   1.07  1.15 
 
                   |            |     .10                        | 
 
                   |            |                                | 
 
47  item 47        |   381  524 |  -1.34   -1.16                 |   1.03  1.18 
    2.0   1.6 
 
  
 
  
 
    -.9   -.6 
 
  
 
  
 
     .4    .9 
 
  
 
  
 
   -1.5   -.9 
 
  
 
  
 
    2.7   2.3 
 
  
 
  
 
     .4   1.1 
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                   |            |     .23     .25                | 
 
                   |            |                                | 
 
48  item 48        |   205  399 |   -.50                         |   1.05  1.07 
 
                   |            |     .10                        | 
 
                   |            |                                | 
 
49  item 49        |    18  152 |   1.48                         |   1.07  1.24 
 
                   |            |     .25                        | 
 
50  item 50        |     1   31 |   2.74                         |   1.04  1.40 
 
                   |            |    1.02                        | 
 
51  item 51        |   785 1105 |  -1.46                         |    .96   .95 
 
                   |            |     .07                        | 
 
                   |            |                                | 
 
52  item 52        |    86  251 |    .23                         |   1.10  1.18 
 
                   |            |     .14                        | 
 
                   |            |                                | 
 
 
  
 
  
 
    1.8   1.2 
 
  
 
  
 
     .4   1.0 
 
  
 
     .4    .7 
 
  
 
   -1.2   -.9 
 
  
 
  
 
    2.0   1.9 
 
  
 
  
 
 327 
 
53  item 53        |    19  102 |    .96                         |    .91   .82 
 
                   |            |     .26                        | 
 
                   |            |                                | 
 
54  item 54        |   170  296 |   -.91                         |    .87   .84 
 
                   |            |     .12                        | 
 
                   |            |                                | 
 
55  item 55        |   204  401 |   -.47                         |    .95   .95 
 
                   |            |     .10                        | 
 
                   |            |                                | 
 
56  item 56        |   112  312 |    .17                         |    .93   .88 
 
                   |            |     .12                        | 
 
                   |            |                                | 
 
57  item 57        |    76  296 |    .57                         |   1.17  1.25 
 
                   |            |     .14                        | 
 
                   |            |                                | 
 
58  item 58        |   191  427 |   -.26                         |    .95   .94 
    -.5   -.8 
 
  
 
  
 
   -3.4  -2.2 
 
  
 
  
  
   -1.8   -.9 
 
  
 
  
 
   -1.6  -1.5 
 
  
 
  
 
    2.5   2.0 
 
  
 
  
 
   -1.7   -.9 
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                   |            |     .10                        | 
 
                   |            |                                | 
 
59  item 59        |   114  221 |   -.46                         |    .97   .96 
 
                   |            |     .14                        | 
 
                   |            |                                | 
 
60  item 60        |   522 1100 |   -.37                         |   1.00  1.00 
 
                   |            |     .06                        | 
 
61  item 61        |    85  218 |    .10                         |   1.15  1.20 
 
                   |            |     .14                        | 
 
62  item 62        |    84  115 |          -1.64                 |   1.06  1.05 
 
                   |            |             .22                | 
 
                   |            |                                | 
 
63  item 63        |   112  312 |    .17                         |    .93   .88 
 
                   |            |     .12                        | 
 
                   |            |                                | 
 
 
  
 
  
 
    -.9   -.5 
 
  
 
  
 
     .1   -.1 
 
  
 
    3.1   2.1 
 
  
 
     .6    .3 
 
  
 
  
 
   -1.6  -1.5 
 
  
 
  
 
 329 
 
64  item 64        |    20  254 |   2.12                         |   1.04  1.31 
 
                   |            |     .24                        | 
 
                   |            |                                | 
 
65  item 65        |    58  213 |    .67                         |   1.08  1.13 
 
                   |            |     .16                        | 
 
                   |            |                                | 
 
66  item 66        |    75  318 |    .81                         |   1.08  1.13 
 
                   |            |     .14                        | 
 
                   |            |                                | 
 
67  item 67        |     2   20 |   1.05                         |    .95   .76 
 
                   |            |     .75                        | 
 
                   |            |                                | 
 
68  item 68        |    26   42 |  -1.42   -1.42                 |   1.46  1.54 
 
                   |            |     .24     .24                | 
 
                   |            |                                | 
 
69  item 69        |    13   32 |   -.48                         |    .88   .87 
     .3   1.2 
 
  
 
  
 
    1.1   1.1 
 
  
 
  
 
    1.1   1.2 
 
  
 
  
 
     .1   -.2 
 
  
 
  
 
    2.4   1.6 
 
  
 
  
 
   -1.0   -.5 
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                   |            |     .38                        | 
 
                   |            |                                | 
 
70  item 70        |    10   33 |    .01                         |   1.03  1.04 
 
                   |            |     .40                        | 
 
                   |            |                                | 
 
71  item 71        |    12   33 |   -.28                         |   1.04  1.05 
 
                   |            |     .38                        | 
 
72  item 72        |   391  692 |   -.78    -.51                 |    .99   .98 
 
                   |            |     .19     .20                | 
 
73  item 73        |    12  349 |   3.07                         |   1.05  1.63 
 
                   |            |     .30                        | 
 
                   |            |                                | 
 
74  item 74        |    92  354 |    .70                         |   1.15  1.24 
 
                   |            |     .13                        | 
 
                   |            |                                | 
 
 
  
 
  
 
     .2    .2 
 
  
 
  
 
     .3    .3 
 
  
 
    -.2   -.2 
 
  
 
     .3   1.6 
 
  
 
  
 
    2.4   2.4 
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75  item 75        |   111  353 |    .42                         |    .99  1.00 
 
                   |            |     .12                        | 
 
                   |            |                                | 
 
76  item 76        |    29  286 |   1.13    2.92                 |   1.07  1.40 
 
                   |            |     .50     .87                | 
 
                   |            |                                | 
 
77  item 77        |     7  355 |   3.64                         |   1.03  2.19 
 
                   |            |     .38                        | 
 
                   |            |                                | 
 
78  item 78        |   113  514 |    .16     .98                 |    .96   .97 
 
                   |            |     .25     .28                | 
 
                   |            |                                | 
 
79  item 79        |   195  250 |  -1.83                         |    .92   .84 
 
                   |            |     .16                        | 
 
                   |            |                                | 
 
80  item 80        |   182  454 |   -.09                         |   1.02  1.04 
    -.1    .1 
 
  
 
  
 
     .5   1.6 
 
  
 
  
 
     .2   2.1 
 
  
 
  
 
    -.4   -.2 
 
  
 
  
 
    -.9  -1.3 
 
  
 
  
 
     .6    .7 
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                   |            |     .10                        | 
 
                   |            |                                | 
 
81  item 81        |   196  606 |  -1.19     .23     .72         |   1.05  1.11 
 
                   |            |     .25     .30     .31        | 
 
                   |            |                                | 
 
82  item 82        |   159  374 |   -.18                         |   1.04  1.04 
 
                   |            |     .11                        | 
 
83  item 83        |   265  378 |  -1.42                         |    .94   .89 
 
                   |            |     .12                        | 
 
84  item 84        |   230  374 |  -1.01                         |    .96   .94 
 
                   |            |     .11                        | 
 
                   |            |                                | 
 
85  item 85        |   254  594 |  -2.63     .34    1.27         |    .98   .96 
 
                   |            |     .38     .29     .34        | 
 
                   |            |                                | 
 
 
  
 
  
 
     .6    .9 
 
  
 
  
 
    1.1    .6 
 
  
 
   -1.2  -1.3 
 
  
 
   -1.1   -.8 
 
  
 
  
 
    -.2   -.3 
 
  
 
  
 
 333 
 
86  item 86        |   342 1103 |    .38                         |    .98   .98 
 
                   |            |     .07                        | 
 
                   |            |                                | 
 
87  item 87        |   111  178 |  -1.00                         |    .98   .97 
 
                   |            |     .16                        | 
 
                   |            |                                | 
 
88  item 88        |    38  246 |   1.38                         |   1.03   .96 
 
                   |            |     .18                        | 
 
                   |            |                                | 
 
89  item 89        |    38  196 |    .34    1.09                 |    .97   .90 
 
                   |            |     .44     .48                | 
 
90  item 90        |    10  146 |   1.48    1.64                 |    .91   .68 
 
                   |            |     .75     .75                | 
 
91  item 91        |   134  144 |          -2.45   -2.11         |   1.15  1.02 
 
                   |            |             .80     .77        | 
 
        
    -.8   -.3 
 
  
 
  
 
    -.3   -.2 
 
  
 
  
 
     .3   -.1 
 
  
 
  
 
    -.2   -.4 
 
  
 
    -.1   -.3 
 
  
 
     .5    .2 
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92  item 92        |    48   59 |          -1.97                 |    .89   .81 
 
                   |            |             .34                | 
 
                   |            |                                | 
 
93  item 93        |     3   29 |           1.88                 |   1.06  1.03 
 
                   |            |             .62                | 
 
                   |            |                                | 
 
94  item 94        |     0    0 | Item has perfect score         | 
 
                   |            |                                | 
 
                   |            |                                | 
 
95  item 95        |     0    0 | Item has perfect score         | 
 
                   |            |                                | 
 
                   |            |                                | 
 
96  item 96        |    57   98 |           -.83                 |   1.05  1.09 
 
                   |            |             .21                | 
 
                   |            |                                | 
 
97  item 97        |    16   69 |            .86                 |    .94   .84 
    -.5   -.6 
 
  
 
  
 
     .3    .3 
 
  
 
  
 
  
 
  
 
  
 
  
 
  
 
  
 
     .8    .8 
 
  
 
  
 
    -.4   -.6 
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                   |            |             .29                | 
 
                   |            |                                | 
 
98  item 98        |     0    0 | Item has perfect score         | 
 
                   |            |                                | 
 
                   |            |                                | 
 
99  item 99        |     6   43 |           1.60                 |    .94   .76 
 
                   |            |             .45                | 
 
                   |            |                                | 
 
100 item 100       |   158  192 |          -4.16   -1.07         |    .89   .86 
 
                   |            |            1.19     .50        | 
 
                   |            |                                | 
 
101 item 101       |    72  154 |          -1.22     .83         |   1.08  1.07 
 
                   |            |             .44     .44        | 
 
102 item 102       |    51   53 |          -3.57                 |    .95   .63 
 
                   |            |             .72                | 
 
 
  
 
  
 
  
 
  
 
  
 
    -.1   -.5 
 
  
 
  
 
    -.9   -.8 
 
  
 
  
 
     .6    .4 
 
  
 
     .1   -.3 
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                   |            |                                | 
 
103 item 103       |    72   83 |          -2.34                 |    .98   .87 
 
                   |            |             .33                | 
 
                   |            |                                | 
 
104 item 104       |     1   72 |           4.02                 |   1.02  1.74 
 
                   |            |            1.01                | 
 
                   |            |                                | 
 
105 item 105       |     2   82 |           3.42                 |   1.01  1.08 
 
                   |            |             .72                | 
 
                   |            |                                | 
 
106 item 106       |     1   21 |           2.57                 |   1.06  1.46 
 
                   |            |            1.03                | 
 
                   |            |                                | 
 
107 item 107       |    30   48 |          -1.78    -.18         |   1.19  1.15 
 
                   |            |             .84     .78        | 
 
                   |            |                                | 
  
 
     .0   -.4 
 
  
 
  
 
     .3    .9 
 
  
 
  
 
     .2    .4 
 
  
 
  
 
     .4    .7 
 
  
 
  
 
     .9    .6 
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108 item 108       |    22   31 |          -1.48                 |    .99   .98 
 
                   |            |             .41                | 
 
                   |            |                                | 
 
109 item 109       |   185  261 |          -2.69   -1.56     .12 |   1.03  1.02 
 
                   |            |             .69     .50     .37| 
 
110 item 110       |    68   84 |          -1.97                 |   1.06  1.08 
 
                   |            |             .28                | 
 
111 item 111       |     0    0 | Item has perfect score         | 
 
                   |            |                                | 
 
                   |            |                                | 
 
112 item 112       |     0    0 | Item has perfect score         | 
 
                   |            |                                | 
 
                   |            |                                | 
 
113 item 113       |     0    0 | Item has perfect score         | 
 
                   |            |                                | 
 
 
     .0    .0 
 
  
 
 
             
     .3    .1 
 
  
 
     .4    .4 
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                   |            |                                | 
 
114 item 114       |    45   51 |          -2.39                 |    .93   .84 
 
                   |            |             .44                | 
 
                   |            |                                | 
 
115 item 115       |     4   30 |           1.80                 |    .84   .76 
 
                   |            |             .55                | 
 
                   |            |                                | 
 
116 item 116       |     6   25 |           1.19                 |    .98   .84 
 
                   |            |             .49                | 
 
                   |            |                                | 
 
117 item 117       |    10   34 |            .48                 |    .93   .90 
 
                   |            |             .39                | 
 
                   |            |                                | 
 
118 item 118       |     9   19 |           -.09                 |   1.01   .99 
 
                   |            |             .49                | 
 
                   |            |                                | 
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119 item 119       |     2   12 |           1.37                 |   1.15  1.23 
 
                   |            |             .80                | 
 
                   |            |                                | 
 
120 item 120       |     0    0 | Item has perfect score         | 
 
 
121 item 121       |    99  101 |          -4.43                 |   1.01  1.43 
 
                   |            |             .72                | 
 
122 item 122       |    83   88 |          -3.33                 |    .99   .96 
 
                   |            |             .46                | 
 
                   |            |                                | 
 
123 item 123       |    33  100 |            .35                 |    .95   .90 
 
                   |            |             .22                | 
 
                   |            |                                | 
 
124 item 124       |     1   91 |           4.22                 |   1.00   .61 
 
                   |            |            1.01                | 
 
                   |            |                                | 
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125 item 125       |    12   93 |           1.59                 |    .96   .84 
 
                   |            |             .32                | 
 
126 item 126       |    68   74 |          -2.94                 |    .98   .94 
 
                   |            |             .43                | 
 
 
127 item 127       |    52   77 |          -1.21                 |   1.14  1.17 
 
                   |            |             .25                 
 
-------------------------------------------------------------------------------- 
 
Mean               |            |    .00                         |   1.01  1.06 
 
SD                 |            |   1.62                         |    .08   .26 
 
================================================================================ 
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